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PREFACE 
This report was prepared by Professor Malin Falkenmark for the ILASA study, Future 
Environments for Europe: Some Implications of Alternative Development Paths, which 
was sponsored by the Ministry of Housing, Physical Planning, and the Environment, 
Leidschendarn, the Netherlands, and the Ministry of the Environment , Prospective 
Group, Paris, France. This report attempts to provide - against the background of the 
not impossible climate changes ahead - a comprehensive presentation of water related 
phenomena from the perspective of their relation to societal activities, both those depen- 
dent upon water, and those generating impacts on freshwater in aquifers and rivers. 
The need for such a report was felt during the interdisciplinary, intersectoral and inter- 
professional discussions that took place between those involved with the ILASA study. 
Because of the multiple functions of water in society and the great complexity of water 
phenomena, the research being carried out within the study tended to result in consider- 
able communication problems between individuals with vastly different perceptions of 
water-related phenomena. 
The report is provided as a Swedish contribution to the study. A broad understanding 
among policy makers of the interaction between the water-soil-vegetation system on the 
one hand, and societal activities on the other, is a necessary condition for achieving well- 
informed decisions with due account of known realities of natural laws. Such an under- 
standing constitutes a basic condition to avoid any unnecessary future surprises, which 
can be predicted from facts already known of natural science at the time of the decision. 
William M Stigliani 
Case Study Leader 

ABSTRACT 
Impact of global change on human society will first be felt through disturbances of water- 
related phenomena. Traditionally, land use discussions only seldom reflect water 
phenomena. Present methods may therefore be poor tools in addressing the impact of glo- 
bal change. This report takes an alternative approach to  land use by addressing a 
number of water-related phenomena from the perspective of their relation t o  land use and 
land-use-related societal activities. Such activities include both those dependent upon wa- 
ter supply or water-related land attributes, and those generating impacts on local water 
balance or on freshwater in aquifers and rivers. 
A series of matrices are presented to  clarify propagation of change, based on the continui- 
ty and interdependence of water cycle related phenomena. Global change impacts in Eu- 
rope are tentatively described in a 70 year scenario composed of two phases: first water 
quality changes, later hydrological shifts with major consequences both for water availa- 
bility and other water-related impacts on societal activities. 
Sustainable development is described as a question of a sustainable interaction between 
human society and the water cycle including all the ecosystems fed by that cycle. Man is 
seen as a factor in landscape hydrology, due t o  the intervention introduced as a part of 
land use activities. Water management and protection is basically seen as a question of 
balancing dependencies on water against threats t o  that water. 
The report ends with a discussion of water-related decisions, both those concerning pro- 
jects involving visible water, and those where water is involved in a more or less hidden 
way. The section includes the main conclusions from a policy workshop on the societal 
impacts of a changing hydroclimate where the Po river basin was used as the case t o  
which policy makers were invited to react. 
The paper closes with an open question: is the traditional "dry: approach taken to  land 
use really effective? How will that approach allow attention to  land-use-generated im- 
pacts on water phenomena? Will the present way of seeing water as a conditional factor 
only in relation t o  plant growth be helpful enough, when addressing impacts of global 
change in regions where water scarcity and soil water deficiency will expand and influence 
land use? 
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INTRODUCTION 
I n  s p i t e  o f  t he  general r o l e  o f  wa te r  as t he  b lood  and t he  lymph o f  t he  
biosphere, pas t  s t ud ies  on l a n d  use have tended t o  t r e a t  wa te r - re l a ted  
phenomena on l y  i n d i r e c t l y .  The same holds f o r  many s tud ies  on environmental  
problems i n  general .  Land use and l a n d  use changes have been discussed 
w i t h o u t  exp l  i c i  t re fe rence  t o  water- re1 a ted  cond i t i ons .  I n  p l a n t  
product ion,  wa te r  tends t o  be seen as a  c o n d i t i o n a l  f a c t o r  on ly .  I n  urban 
areas, supply and a f t e r - u s e  r e t u r n  o f  water  a r e  seen main ly  as t e c h n i c a l  
issues. When l a n d  use leads t o  q u a l i t y  d e t e r i o r a t i o n  i n  aqu i f e r s  and 
r i v e r s ,  t h i s  i s  t a l k e d  of as an "environmental  impact", seeing water  as a  
v i c t i m ,  n o t  a  generator,  as theory  would suggest. 
The f a c t  t h a t  water  i s  be ing  c i r c u l a t e d  i n  a  coherent  g loba l  system, which 
i s  going t o  be severe ly  pe r t u rba ted  i n  response t o  t h e  changing temperature 
of t h e  atmosphere, may indeed be a  very s t r ong  reason t o  address water-  
r e l a t e d  l a n d  use a t t r i b u t e s  more d i r e c t l y .  Impor tan t  changes may i n  f a c t  be 
over looked i f  l a n d  use changes a re  approached w i t h o u t  t a k i n g  a  more 
e x p l i c i t  water perspec t i ve .  
The approach taken i n  t h i s  paper addresses l and  use and poss ib l e  changes 
due t o  t he  greenhouse e f f e c t  as seen f rom the  perspec t i ve  o f  water f l ows  
w i t h i n  ecosystems o f  a l l  scales.  S t a r t i n g  p o i n t  i s  t h e  f a c t  t h a t  l i f e  i s  
based on myriads o f  water f l ows  and t h a t  human l i f e  i s  t h e r e f o r e  
cons t ra i ned  by t h e  var ious  phenomena o f  t he  water  cyc le .  More s p e c i f i c a l l y  
t h e  paper addresses t h e  water-dependency i n  l and  use, b a s i c a l l y  w i t h  Europe 
i n  mind. The p resen t  understanding o f  t he  t e r r e s t r i a l  p a r t  o f  t he  
hyd ro log i ca l  c y c l e  a l s o  suggests t h a t  l and  use i s  h e a v i l y  impact ing on 
wate r  phenomena (Falkenmark 1985). Consequently, sus ta inab le  development i s  
a  ques t ion  o f  s t r i k i n g  a  balance between l and  use impacts and i t s  water 
dependency. 
The paper a l s o  proposes a  m a t r i x  system t o  c l a r i f y  i n  a  s imple way, t o  t h e  
po l  i c y  maker, the  complex phenomena i nvol ved when d is turbances o f  t h e  
geosphere a re  t rans1  a t e d  i n to  changes i n  env i  ronmental i n d i c a t o r s  o f  
s o c i e t a l  i n t e r e s t .  It f i n a l l y  i l l u s t r a t e s  how p o l i c y  workshops may be an 
i n t e r e s t i n g  way t o  communicate p r e d i c t e d  changes t o  dec i  s i o n  makers. 
THE WATERING OF THE BIOSPHERE 
L i f e  i s  based on myriads o f  water  f l ows  
Man l i v e s  i n  t h e  n a t u r a l  environment, which prov ides him w i t h  food  t o  eat ,  
fodder f o r  h i s  c a t t l e ,  t imbe r  f o r  h i s  houses, f u e l  f o r  heat ing,  water  t o  
d r i n k  and secure hygiene, and w i t h  o t h e r  na tu ra l  resources t o  b e n e f i t  from 
(Fa1 kenmark e t  a1 1987). Water i s  c o n t i  nuously c i r c u l a t e d  through t h e  
b iosphere  where l i f e  i s  based on wate r  f lows through every p lan t ,  every 
t r ee ,  every animal, every human body. Numerous species l i v e  i n  water. The 
chemical f l o w  h i s t o r y  o f  t h e  wate r  passing a  c e r t a i n  l o c a l i t y  c o n t r o l s  i t s  
con ten ts  o f  d i sso l ved  n u t r i e n t s  and o t h e r  ma te r i a l s ,  c r u c i a l  f o r  t he  l o c a l  
ecosystem. Dis turbances o f  wa te r  chemis t ry  and/or water  f l ows  t h e r e f o r e  
t end  t o  produce endless h igher -o rder  e f f e c t s  on f l o r a ,  fauna and human 
hea l t h .  
A t  t h e  same time, water  i s  c i r c u l a t e d  i n  t h e  g loba l  system between t h e  
ocean, t he  atmosphere and t he  con t i nen t s .  The g loba l  c y c l e  has t h r e e  main 
phases (Fa1 kenmark 1987) (F igu re  1 ) :  
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F i g .  1. The g l o b a l  w a t e r  c i r c u l a t i o n  s y s t e m  ( a )  b r i n g s  w a t e r  t o  t h e  c o n t i n e n t s  
( b ) ,  w e t t i n g  t hem and  f e e d i n g  t h e i r  e c o s y s t e m s  ( c ) .  The  s u r p l u s  n o t  r e t u r n i n g  t o  
t h e  a t m o s p h e r e  i n  t h e  s h o r t  b r a n c h  o f  t h e  w a t e r  c y c l e  r e c h a r g e s  t e r r e s t r i a l  
w a t e r  s y s t e m s  i n  a q u i f e r s  a n d  r i v e r s  ( t h e  l o n g  b r a n c h ) .  
a )  It d i s t r i b u t e s  water  vapour w i t h  t h e  winds from t h e  sea atmosphere i n  
ove r  t h e  c o n t i n e n t s  and back t o  t h e  sea. Th i s  w ind-d r i ven  a e r i a l  wa te r  
vapour f l u x  system c o n s t a n t l y  exchanges water w i t h  t h e  unde r l y i ng  sur faces,  
g i v i n g  o f f  p r e c i p i t a t i o n  and r e c e i v i n g  e v a p o t r a n s p i r a t i o n  i n  r e t u r n .  
b )  The p r e c i p i t a t i o n  wet tens t he  c o n t i n e n t s  and d r i v e s  t h e  p l a n t  p roduc t i on  
i n  t h e  t e r r e s t r i  a1 ecosystems. 
c )  The remain ing f l o w  goes t o  recharge t e r r e s t r i a l  wa te r  systems i n  
a q u i f e r s  and r i v e r s ,  f i n a l l y  r e t u r n i n g  t h e  water  t o  t h e  sea. 
The l a t t e r  two f u n c t i o n s  a re  c l o s e l y  i n t e r r e l a t e d  and i n v o l v e  t h e  b ranch ing  
o f  t h e  incoming p r e c i p i t a t i o n  i n t o  two subf lows: t h e  sho r t ,  v e r t i c a l  
branch, r e t u r n i n g  wate r  t o  t h e  atmosphere as p a r t  o f  t h e  p l a n t  p roduc t i on  
process, and t h e  1  ong, h o r i  son ta l  branch, r echa rg i  ng t e r r e s t r i  a1 f reshwate r  
systems i n  a q u i f e r s  and wate r  courses. 
Land su r f ace    art it ions incomina water  between two main branches 
Bas ic  c o n d i t i o n s  f o r  l i f e  a re  t h e r e f o r e  de f i ned  by t h e  water cyc le ,  t h e  
main system i n  t h e  geosphere which d i s t r i b u t e s  water, wettens t he  s o i l s  and 
recharges t h e  t e r r e s t r i a l  water  systems. B a s i c a l l y  energy and hydroc l  imate 
c l i a r a c t e r i  s t i c s  determi ne t h e  main ecosystems develop ing i n  d i f f e r e n t  
reg ions.  Water operates t h e  energy -d r i ven  p l a n t  p roduc t i on  which i s  
sus ta ined  by a  con t inuous  wate r  f l o w  - i n  through t h e  r o o t s  and o u t  through 
t h e  stomata i n  t h e  f o l i a g e  ( s h o r t  branch o f  water c y c l e ) .  P l a n t  growth 
s tops  when t h e r e  i s  no access ib l e  wa te r  p resen t  i n  t h e  r o o t  zone. The wate r  
c y c l e  a l s o  p rov ides  t h e  water  access ib l e  t o  man i n  t h e  t e r r e s t r i a l  water  
systems, i e  t h e  l ong  branch o f  wa te r  c y c l e  ( a q u i f e r s  and r i v e r s ) .  
C h a r a c t e r i s t i c  water  balances t end  t o  develop i n  d i f f e r e n t  h y d r o l o g i c a l  
reg ions .  Based on a  c o n c e p t u a l i z a t i o n  o f  wa te r  f l ows  t o  and from a  
catchment area developed by Lvov ich,  da ta  t y p i c a l  f o r  t h e  main 
ecohydro log ica l  r eg i ons  i n  European USSR a r e  v i s u a l i z e d  i n  f i g u r e  2 
(Chernogaeva 1971). What ma in ly  d i f f e r s  between t h e  reg ions  i s  t h e  amount 
o f  wa te r  r echa rg i  ng t h e  t e r r e s t r i a l  wa te r  systems: t h e  groundwater 
recharge forming base-f low i n  t h e  r i v e r s ,  and t he  f lood- fo rmiqg  more 
s u r f i c i a l  f l o w  through t h e  landscape. Whereas around 300 mm o r  even i i o re  
reaches t h e  r i v e r s  i n  t h e  tundra  and t a i g a  zones, o n l y  40 m i s  l e f t  t o  
fo rm r u n o f f  i n  t h e  steppe reg ion .  Whereas t h e  groundwater recharge amounts 
t o  around 100 mm i n  t h e  t a i g a  zone, o n l y  10 % o f  t h a t  amount pe rco la tes  t o  
f e e d  t h e  a q u i f e r s  i n  t h e  steppe zone. 
F i g u r e  3 shows t h e  r e l a t i v e  amount o f  t h e  incoming p r e c i p i t a t i o n  t h a t  forms 
r u n o f f  and i t s  r e l a t i o n  t o  t h e  evaporated p o r t i o n  o f  t h e  wa te r  e n t e r i n g  t h e  
s o i l  ( s o i l  w e t t i n g )  i n  d i f f e r e n t  European landscapes. I n  very wet mountain 
r eg ions  (a ) ,  t h e  evapo ra t i on  i s  l i m i t e d  and most o f  t h e  p r e c i p i t a t i o n  i s  
a v a i l a b l e  t o  fo rm r u n o f f .  I n  t h e  u n d u l a t i n g  landscapes o f  Cen t ra l  Europe 
and t h e  wet p l a i n s  ( c ) ,  about  h a l f  o f  t h e  p r e c i p i t a t i o n  goes t o  feed  t h e  
t e r r e s t r i a l  wa te r  systems, whereas 60 - 80 % o f  t h e  water  e n t e r i n g  t h e  s o i l  
r e t u r n s  t o  t h e  atmosphere. On t h e  a r i d  p l a i ns ,  f i n a l  ly, p r a c t i c a l l y  a1 1  t h e  
wate r  e n t e r i n g  t h e  s o i l  i s  consumed i n  evapora t ion  and t r a n s p i r a t i o n ,  and 
o n l y  around 10 % o f  t h e  p r e c i p i t a t i o n  i s  a v a i l a b l e  t o  feed  t h e  t e r r e s t r i a l  
wa te r  systems. 
Changes i n  f l o w  regime due t o  l a n d  use change 
The l a n d  su r f ace  forms t h e  " s t a t i o n " ,  where t he  incoming p r e c i p i t a t i o n  i s  
be ing  p a r t i t i o n e d  between t n e  s h o r t  v e r t i c a l  branch i n v o l v i n g  food, fodder,  
fue lwood .and t imbe r  p roduc t ion ,  and t h e  l ong  branch i n v o l v i n g  p roduc t ion  o f  
t e r r - e s t r l  a1 water  (Fa l kenlnark lJGbd, F i g u r e  4 ) .  P r i n c i p a l  l y ,  t he re fo re ,  a1 1  
vege ta t ion  changes of any s i z e  a re  necessa r i l y  r e f l e c t e d  n o t  on l y  i n  
a l t e r e d  water  y i e l d s  b u t  a1 so a1 t e r e d  seasona l i t y  i n  wa te r  courses. Sucn 
changes have t h e i r  g r e a t e r  re levance  i n  areas on t he  hyd ro l og i ca l  margin 
between d i f f e r e n t  c l ima tes .  
Due t o  t h e  cont inuous c h a r a c t e r  o f  t h e  wa te r  cyc l e ,  man ipu la t ions  w i t h  s o i l  
and vege ta t i on  - t h e  b ranch ing  zone i n  t he  c y c l e  - i s  propagated a long  t h e  
cascade o f  wa te r  c y c l e  phenomena and r e f l e c t e d  i n  f l o w  changes, q u a l i t y  
changes and a l l  t h e i r  va r i ous  "domino e f f e c t s "  on bo th  water  phenomena and 
on water-dependent b i o l o g i c a l  phenomena o f  f l o r a ,  fauna and human hea l th .  
The type o f  vege ta t i ve  cover  has g r e a t  i n f l u e n c e  on t h e  response o f  
catchments t o  p r e c i p i t a t i o n  (Kovacs 1988). Due t o  l a r g e  response 
d i f f e r e n c e s  between f o r e s t s  and c u l t i v a t e d  land,  any change due t o  f o r e s t  
management ( d e f o r e s t a t i o n ,  t h i n n i n g ,  r e f o r e s t a t i o n  e t c )  may i n f l u e n c e  t h e  
p a r t i t i o n i n g  between t h e  v e r t i c a l  and h o r i z o n t a l  water  f lows.  The impact  o f  
t h e  development o f  f o r e s t  on e v a p o t r a n s p i r a t i o n  i s  e x a m p l i f i e d  from a  
Hungarian f o r e s t  p l a n t e d  i n  t h e  e a r l y  1950 's  (F i gu re  5) .  
A  d ramat i c  example o f  t h e  impact o f  d e f o r e s t a t i o n  under semi -a r id  c l i m a t e  
i s  t h e  i nc rease  i n  groundwater recharge i n  SW A u s t r a l i a ,  generated by t h e  
European s e t t l e r s ,  and r e s u l t i n g  i n  a  slow r i s i n g  o f  s a l i n e  groundwater 
towards t h e  l a n d  su r f ace  (Heathcote & Mabbutt  1988). I n  t h e  end, a  s a l i n e  
f l  ow w i l l  appear i n  1  oca l  wa te r  courses, and cause problems t o  t h e  wa te r  
supply  i n  t h e  area. 
Chemical compos i t i on  generated i n  t h e  r o o t  zone 
I n  t h e  landscape, wa te r  i s  on a  con t inuous  Inove. Accord ing t o  t h e  p resen t  
unders tanding w i t h i n  temperate-zone hydro1 ogy, t h e  r a i nwa te r  e n t e r s  t h e  
s o i l  on t h e  h i 1  l t o p s  and a long  t h e  slopes, and reappears i n  l o c a l  h o l  lows 
where wet lands a r e  formed, and a long  t h e  f o o t h i l l s  and v a l l e y  bottoms, 
f eed ing  t h e  wate r  courses ( F i g u r e  6a).  Thus, t h e  landscape i s  d i v i d e d  i n  
recharge areas, where incoming water  moves downwards, and d ischarge o r  
seepage areas, where t h e  underground wa te r  r e t u r n s  t o  t h e  ground sur face.  
  his i a t e r - r e l a t e d  s t r u c t u r e  of t h e  humid landscape i s  o f  fundamental 
importance f o r  t h e  ecosystems, c h a r a c t e r i z i n g  t he  area. One reason i s  t h a t  
t h e  water  has q u i t e  d i f f e r e n t  chemical c h a r a c t e r i s t i c s  i n  t h e  recharge and 
t h e  d ischarge areas. I n  t h e  former,  t h e  con ten t  o f  d i s so l ved  s o l i d s  i s  low, 
i n  t h e  l a t t e r  h igh,  as a  r e s u l t  o f  t h e  chemical i n t e r a c t i o n  w i t h  t h e  
geo log i ca l  su r round i  ng a1 1  a1 ong t h e  wate r  pathways through t h e  underground 
1  andscape. 
The moving wate r  and i t s  biogeochemical  environment tend  t o  form a  
mult icomponent system, which i s  q u i t e  complex. What happens i s  p r i n c i p a l l y  
t h e  f o l l o w i n g  (Fa1 kenmark & A l l a r d ,  1989, F i g u r e  6b).  The v i v i d  i n t e r a c t i o n  
i n  t he  r o o t  zone between i n f i l t r a t i n g  water,  carbon d i o x i d e  produced by t h e  
roo t s ,  and humates produced by decomposing o rgan ic  mat te r ,  i s  one main 
component o f  these i n t e r a c t i o n s .  The o t h e r  component i s  t h e  ou tpu t  f rom t h e  
m ine ra l  ma t r i x ,  through which t h e  wa te r  i s  passing, o f  weather ing products .  
tundra- fores t  t u n d r a  
n o r t h e r n  taiga 
middle taiga 
F i g u r e  2 .  Comparison o f  zonal  r e g u l a r i t i e s  i n  t h e  wa te r  p a r t i t i o n i n g  
between main ecohyd ro log i ca l  zones i n  t h e  European p a r t  o f  USSR. Numbers 
i n d i c a t e  wa te r  f l o w s  i n  mn p e r  yea r .  Data f rom Chernogaeva (1971) .  
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F i g u r e  3. Uater  ba lance c h a r a c t e r i s t i c s  i n  d i f f e r e n t  subregions o f  t h e  
European con t i nen t .  Diagram shows t h e  r e g i o n a l  s h i f t s  i n  wa te r  p a r t i t i o n i n g  
between v e r t i c a l  r e t u r n  f l o w  t o  t h e  atmosphere and recharge o f  t e r r e s t r i a l  
w a t e r  sys terns. Data  f rom Chernogaeva (1971 1. 
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F i g u r e  4. C o n t i n u i t y  r e l a t i o n s  i n  t h e  t e r r e s t r i a l  p a r t  o f  t h e  water  c y c l e .  From Falkenmark 1966a. 
Main land-use generated p e r t u r b a t i o n s  of t he  water c y c l e  h i t  t h r e e  nmin p a r t i t i o n i n g  j o i n t s :  
SOIL SURFACE: . p a r t i t i o n i n g :  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  vs. f l o o d  f low;  
. p e r t u r b a t i o n s  caused by d e f o r e s t a t i o n ,  l a n d  mismanagenlent, c r u s t a  fo rmat ion ,  s e a l i n g  s t r u c t u r e s  
ROOT ZONE: . p a r t i t i o n i n g :  "wa te r  l osses "  v i a  s h o r t  branch vs. "wa te r  y i e l d "  v i a  l ong  branch; 
. p e r t u r b a t i o n s  caused by vege ta t i on  changes 
ATEIOSPHERE: . p a r t i t i o n i n g :  r e c i r c u l a t e d  p a r t  o f  t r a n s p i r e d  wa te r  v i a  convec t i ona l  r a i n f a l l  vs. p a r t  evacuated 
by l o c a l  winds; 
. p e r t u r b a t i o n s  caused by changes i n  a tmospher ic  c o n d i t i o n s .  
F i g u r e  5. F o r e s t  management may have cons ide ra3 le  impacts on the  l o c a l  water balance as i l l u s t r a t e d  f o r  
a  growing f o r e s t  i n  Huncary, p l a n t e d  i n  t h e  e a r l y  195U's. F i g u r e  stiows a 2UU IIIIII i n c r e a s ~  of  annual 
e v a p o t r a n s p i r a t i o n ,  ou t  o f  wh ich  15U mm cmeraes f rom inc rease  o f  t h e  root -zone- fed e v a p o t r a n s p i r a t i o n  
and t h e  remain ing 50 mm consequent ly  f rom i n t e r c e p t i o n  increase.  Froin Kovacs e t . a l .  (1569).  
W i a p o t r a n s p i r a t t o n  
P  = p r e c i p i t a t i o n  
= upward evapo ra t i on  f l u x  f r om groundwater 
= downward f l u x  groundwater 
= n e t  groundwater recharge 
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along pa thways  
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WETLAND WATER COURSE 
F ig .  6a. Nater  f l o w  th rough a landscape under humid cond i t i ons .  All along 
i t s  pathways, t he  mob i l e  wa te r  r e a c t s  chem ica l l y  w i t h  i t s  l o c a l  
env i  ronment. 
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F i g .  6b. A s i m p l i f i e d  ske t ch  o f  t h e  wate r  q u a l i t y  genesis, t a k i n g  p l ace  i n  
t h e  s o i l .  Main groups o f  r e a c t i o n s  of t h e  complex mul t icomponent  system a r e  
i n d i c a t e d ,  as  we1 1 as c r u c i  a1 chemical conlponents, i n f l u e n c i n g  t h e  m b i l i  ty 
o f  meta ls  and o rgan ics .  
Th is  ou tpu t  i s  produced by t he  slow weather ing o f  s i l i c a t e  minera ls ,  on 
t h e  one hand, and f a s t  i o n  exchange reac t i ons  i n  c l a y  minera ls  on t he  
o the r .  The i n t e r a c t i o n s  i n  these d i f f e r e n t  subsystems c o n t r o l  t h e  
a c i d i t y / a l k a l i n i t y  o f  t he  water  as w e l l  as i t s  redox p o t e n t i a l  ( w i l l i n g n e s s  
t o  a c t  as o x i d i z i n g  o r  reduc ing  substance). These two fundamental chemical 
c h a r a c t e r i s t i c s  o f  t h e  water, moving through t h e  ground, c o n t r o l  i n  t h e i r  
t u r n  bo th  the  m o b i l i t y  and t he  behaviour o f  metals and t he  behaviour o f  
organics,  1  i k e  p e s t i c i d e s .  
I n t e r r e g i o n a l  d i f f e r e n c e s  i n  groundwater recharge 
Be fo re  we leave  t h e  wate r - f lushed  landscape i n  which man l i v e s  and ac ts ,  we 
have t o  be aware o f  r eg iona l  d i f f e r e n c e s  i n  terms o f  t h e  way i n  which 
groundwater i s  be iqg  recharged (Falkenmark & Chapman 1989). I n  t he  humid 
zone, groundwater recharge takes p lace  a l l  over  t h e  landscape except  f o r  
t he  v a l l e y s  and l o c a l  ho l lows  (F igu re  6a). I n  a r i d  reg ions,  t he  phenomenon 
looks  q u i t e  d i f f e r e n t :  r e g i o n a l  recharge takes p lace  on ly  i n  h i ghe r  and 
more humid p a r t s  o f  t he  t e r r a i n ,  wheras the  main recharge takes p lace  a long  
t h e  r i v e r  bottoms du r i ng  f l a s h  f loods .  I n  bo th  reg ions,  a  second form of 
groundwater i s  formed a1 ong f l ooded  r i v e r s ,  where recharge may t ake  p lace  
i n  t h e  inundated areas. 
FUNDAMENTAL LINKAGES BETWEEN CATCHMENT LAND USE AND WATEK 
Water 's mu1 t i ~ l e  f u n c t i o n s  
Water i s  an ext remely  complex p a r t  o f  t he  na tu ra l  env i  ronn~ent w i t h  Inany 
para1 1  e l  r o l e s  and f unc t i ons .  Th i s  complex i t y  adds communication problems, 
as d i f f e r e n t  p ro fess iona l  groups tend  t o  perce ive  water  d i f f e r e n t l y .  Four 
main f u n c t i o n s  a re  p a r t i c u l a r l y  fundamental: 
. water  f o r  p l a n t  p roduc t ion :  t h e  s o l a r - d r i v e n  biomass p roduc t ion  i s  
operated by water. Th i s  i s  t h e  main wate r  perspec t i ve  o f  t e r r e s t r i a l  
e c o l o g i s t s  and l a n d  use expe r t s  
. water  f o r  supply purposes t o  suppor t  households, soc ie t i es ,  i ndus t r y ,  and 
a g r i c u l t u r a l  i r r i g a t i o n .  T h i s  i s  t h e  general pe rspec t i ve  taken by 
engineers s e r v i n g  soc ie t y  w i t h  water schemes and p r o j e c t s  
. water  as a  landscape element, p r o v i d i n g  t h e  aqua t i c  env i  ronlnent f o r  f i s h  
and o t h e r  b i o ta .  Th i s  i s  t h e  main perspec t i ve  he1 d  by environmental  expe r t s  
and aquat i c  eco log i s t s .  
. water  as a  chemica l l y  ac t i ve ,  mob i le  substance on cont inuous move through 
t h e  sur face  and subsurface landscape. Th i s  i s  a  perspec t i ve  which was 
f r equen t l y  f o rego t t en  i n  t he  past,  and has tended t o  c rea te  endless 
"surp r i ses" ,  man i fes ted  as water  q u a l i t y  d is turbances.  
Water has a l s o  o the r  fundamental func t ions .  Water i s  o f t e n  seen as a  
nuisance - t h e r e  may be t o o  much water, ca l  l i n g  f o r  measures such as 
dra inage and f l o o d  m i t i g a t i o n .  Water i s  we1 lknown a1 so as a  disease 
t r a n s m i t t e r  but,  a t  t h e  same t ime, a  fundamental agent f o r  b reak ing  disease 
t ransmiss ion  routes.  Th i s  i s  t he  main pe rspec t i ve  behind t h e  UN-sponsored 
I n t e r n a t i o n a l  D r i n k i n g  Water and S a n i t a t i o n  Decade. F i n a l l y ,  water  i s  an 
ext remely  a c t i v e  e r o s i v e  medium, caus ing massive 1 and degradat ion damages 
a l l  around t h e  world.  
Land and water  i n t e r a c t i o n s  
I n  t h e i r  li f e - suppo r t i ng  r o l e s ,  water  and l a n d  e v i d e n t l y  i n t e r a c t  c l o s e l y :  
water makes l a n d  f e r t i l e ,  water  i s  a  main l a n d  a t t r i b u t e  i n  c o n t r o l i n g  
p o s s i b l e  l a n d  use. Land use t h e r e f o r e  depends on water ,  b o t h  d i r e c t l y  
(wa te r  supply = access t o  wa te r )  and i n d i r e c t l y  (wa te r - re1  a ted  a t t r i b u t e s  
McHaig 1971). A l l  these i n t e r a c t i o n s  imp ly  t h a t  t h e  i n t e r v e n t i o n s  w i t h  l a n d  
and water,  t h a t  man i s  f o r ced  t o  make, a re  r e f l e c t e d  n o t  on l y  i n  t he  
i n t ended  b e n e f i t s  b u t  a1 so i n  nega t i ve  feedbacks on t h e  environment i t s e l f ,  
p r o v i d i n g  t h e  n a t u r a l  c o n s t r a i n t s  t o  human a c t i v i t i e s  (F i gu re  7).  We have 
i n  o t h e r  words i n  f r o n t  o f  us an i n t r i c a t e  system, f u l l  o f  i n t e r a c t i o n s  o f  
which one has t o  be aware i n  o rde r  t o  t ake  w e l l  i n fo rmed dec is ions .  
L ikewise,  t h e  f r e q u e n t  hand l i ng  o f  p o l l u t i n g  substances on t h e  ground 
sur face  i nvol  ve i n t e r v e n t i o n s  w i t h  water  q u a l i t y ,  hav ing  i n  mind t h a t  water 
i s  an e x c e l l e n t  so l ven t ,  chem ica l l y  a c t i v e  and always on t h e  move accord ing 
t o  t h e  laws c o n t r o l i n g  t h e  water  cyc le .  Once caught  by t h e  moving water,  
p o l l u t a n t s  t h e r e f o r e  t end  t o  move a long w i t h  t h e  water ,  ~h1es.S chemical 
t ran fo rmat ions  a1 ong t h e  water  pathways i n f l u e n c e  t h e i r  mobi 1  i t y .  
Water c a r r i e s  p o l l u t a n t s  through unv i  s i b l e  and v i s i b l e  landscapes 
F i g u r e  8 i l l u s t r a t e s  t h e  consequences o f  wa te r  c y c l e  i n t e ~ r i  ty i n  tenns o f  
~ o l l u t i n s  l a n d  use a c t i v i t i e s  and t h e i r  t r a n s l a t i o n  i n t o  water ~ o l l u t i o n .  
i n  t h e  1  &a1 sca le  ( F i g u r e  8a) ,  wa te r -so lub le  con~pounds used i n '  a y r i c u l  t u r e  
( f e r t i l i z e r s .  p e s t i c i d e s ) ,  i n d u s t r i a l  re fuse ,  d ry  waste depos i t s  e t c  i n  
recharge areas'  may be caught  by t he  water and produce groundwater 
p o l l u t i o n ,  which w i l l  n o t  be de tec ted  u n t i l  t h e  p o l l u t e d  wate r  passes a  
l o c a l  w e l l .  S i m i l a r l y ,  re fuse i n  t he  d ischarge area may be leached by 
pass ing  water, and t r a n s f e r r e d  t o  t h e  r i v e r .  P o l l u t i o n  e f f e c t s  may show up 
f u r t h e r  downstream where t h e  r i v e r  water  i s  be ing  used f o r  some vu lne rab le  
purpose, l i k e  i r r i g a t i o n  of gardens o r  greenhouses. 
I n  view o f  t h e  annual p roduc t i on  o f  waste i n c l  chemical waste w i t h  a  h i g h  
hazard p o t e n t i a l ,  t h e  p resen t  p r a c t i c e  o f  t r a n s f e r r i n g  d ry  waste t o  
l a n d f i l l s  i n  t he  landscape i s  ex t reme ly  unfavourab le  as leachates f rom such 
waste depos i t s  a re  caught  by pass ing wa te r  and t r a n s f e r r e d  t o  l o c a l  
groundwater aqu i f e r s .  As shown by K e r n d o r f f  e t  a1 (19881, t h i s  may l e a d  t o  
enormous problems f o r  d r i n k i n g  wate r  supply i n  reg ions  h e a v i l y  dependent on 
groundwater f o r  such supply.  F i g u r e  10  from t h a t  s tudy g ives an i dea  o f  t h e  
e x t e n t  o f  t he  problem. It shows t h e  15 o rgan ic  contaminants most f r e q u e n t l y  
found i n  groundwater downstream of 92 s i t e s  i n  FRG and 358 s i t e s  i n  USA. 
I n  view o f  t h e  s low subsurface movement o f  groundwater through a  catchment, 
p o l l u t a n t s  from con tamina t ing  l a n d  use a c t i v i t i e s ,  t a k i n g  p lace i n  recharge 
areas, where wate r  moves downwards i n  t h e  t e r r a i n ,  may move w i t h  
cons ide rab le  t r a n s i t  t imes  before reappear ing  i n  t h e  water courses. 
P o l l u t a n t s  f rom a c t i v i t i e s  i n  d ischarge areas may however be r a p i d l y  
t r a n s f e r r e d  t o  l o c a l  water  courses, as they  a re  be ing  washed o u t  by 
move i n  catchment a q u i f e r s .  
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F i g u r e  7. The n a t u r a l  e n v i r o n m e n t  p r o v i d e s  Inan w i t h  w a t e r ,  s o i l ,  food ,  energy ,  
wood a n d  m i n e r a l s .  I n  o r d e r  t o  b e n e f i t  f r o m  t h e s e  r e s o u r c e s ,  v a r i o u s  n a t u r a l  
c o n s t r a i n t s  have t o  be overcome by enhancement measures, i n c r e a s i n g  a v a i l a b i l i t y ,  
a n d  p r o d u c t i v i t y  a n d  r e d u c i n g  o b s t a c l e s .  When such  rneasures i n t e r f e r e  w i t h  
colnplex n a t u r a l  systems,  n e g a t i v e  feedbacks  a r e  p roduced ,  accompanying t h e  
i n t e n d e d  p o s i t i v e  e f f e c t s  o f  t h e  measures. 
a Hesosca le  p e r s p e c t i v e  
>A surdace water 9011 
water  - leachea 
eutroph/phase  1 
F i g .  8. Consequences o f  w a t e r  c y c l e  i n t e g r i t y  i n  terms o f  consequences o f  
po l  l u t i n g  l a n a  oased a c t i v i t i e s .  
f i g .  a  = mesoscale p e r s p e c t i v e ,  i n a i c a t i n g  d i f f e r e n t  t ypes  o f  p o l l u t i o n .  
Case E r s t o r p  r e f e r s  t o  a Swedisn case wnere b u r i e d  i n d u s t r i a l  r e f u s e  i n  a  
recharge  area p o l l u t e d  a  v i l l a g e  wate r  supply ;  case BT Kemi a  case where 
i n d u s t r i a l  r e f u s e  ha0 been t a c i t l y  b u r i e a  i n  a  d ischarge  area c l o s e  t o  
r i v e r  Draan 
f i g .  b  = macroscale p e r s p e c t i v e ,  i n a i c a t i n g  upstream-downstream p r o g r e s s i o n  
of wa te r  p o l l u t i o n .  
On the  reg iona l  s ca le  ( F i g u r e  8b),  p o l l u t a n t s  emerging f rom l a n d  use 
a c t i v i t i e s  i n  upstream p a r t s  of t he  r i v e r  basin,  a re  success ive ly  be ing  
t r a n s f e r r e d  f i r s t  t o  l akes  a long  t h e  r i v e r ,  and f i n a l l y  t o  t he  es tuary  
r eg ion  and coas ta l  waters .  Th i s  i s  what i s  p r e s e n t l y  be ing  observed i n  t h e  
No r th  Sea reg ion,  where n u t r i e n t s  emerging f rom l a n d  use have generated 
massive a lgae growth i n c l u d i n g  t o x i c  algae, r e f l e c t e d  i n  l a r g e  sca le  f i s h  
k i l l  and o t h e r  damage t o  sea b i o t a .  T h i s  e v i d e n t l y  c o n s t i t u t e s  a  l a t e  stage 
o f  p o l l u t i o n  due t o  catchment l a n d  use. It i s  fu r the rmore  unnecessary, as 
i t  migh t  have been avo ided i f  t h e  po l  l u t i n g  a c t i v i t i e s  had been stopped on 
land. Not u n t i l  t h e  i n t e g r i t y  o f  t h e  water  c y c l e  and t h e  i nexo rab le  
cha rac te r  o f  these processes i s  understood by t h e  general  p u b l i c  and t h e  
p o l i t i c i a n s  can we env isage w i s e r  l a n d  use p o l i c i e s .  
Two oppos i te  water  qual  i ty pe rspec t i ves  
B r i  ng i  ng t oge the r  t h e  qual  i t y -p roduc i  ng phenomena w i t h  t h e  water  mobi 1  i ty 
a long  t h e  slopes i n  t h e  t e r r a i n ,  we a re  i n  a  p o s i t i o n  t o  t i e  t oge the r  wa te r  
q u a l i t y  w i t h  l a n d  use. Two main oppos i t e  pe rspec t i ves  a re  o f  i n t e r e s t  
( F i g u r e  9 ) :  
. t o  where does t h e  water,  which i s  i n f i l t r a t i n g  i n  a  c e r t a i n  l o c a l i t y  go? 
I n  o t h e r  words, where shou ld  we be expec t ing  any land-use-generated 
p o l l u t i o n  t o  show up? 
. where d i d  t h e  water,  appear ing i n  a  c e r t a i n  r i v e r  sec t ion ,  o r i g i n a l  l y  
i n f i  1  t r a t e ?  I n  o t h e r  words, where shoul d  we 1  ook f o r  land-use generated 
p o l l u t i o n ?  
I n  a  European landscape, t h r e e  main groundwater systems may be 
d i s t i ngu i shed :  t h e  sha l low groundwater w i t h  s h o r t  pathways and r a p i d  
t r a n s i t  t imes; t h e  i n t e rn i ed ia te  groundwater w i t h  somewhat l onge r  pathways 
and t r a n s i t  t imes; and t h e  deep, r eg iona l  groundwater w i t h  l o n g  pathways 
and t r a n s i t  t imes (E r i k sson  1984). 
The wa te r  appear ing i n  a  c e r t a i n  r i v e r  s e c t i o n  i s  composed o f  d i f f e r e n t  
water  f r ac t i ons ,  each one w i t h  i t s  own chemical h i s t o r y :  t he  n e t  r a i n f a l l  
ove r  t h e  water  sur faces;  t h e  n e t  r a i n f a l l  over  t h e  d ischarge areas c l o s e  t o  
t h e  water  courses, r a p i d l y  t r a n s f e r r e d  t o  t h e  r i v e r  ( r espons ib l e  f o r  t h e  
" a c i d  shocks" w i t h  t h e  me l twa te r  i n  t h e  sp r i ng ) ;  and t h r e e  d i f f e r e n t  
groundwater f r a c t i o n s :  downs1 ope, h i  11 s l  ope and h i  11 t op  groundwater. The 
r i v e r  wa te r  i s  a  m i x t u r e  o f  these  d i f f e r e n t  f r a c t i o n s ,  appear ing i n  
d i f f e r e n t  p r o p o r t j o n s  d u r i n g  d i f f e r e n t  seasons ( B i  r t l e s  1978). Du r i ng  t h e  
f l o o d  season,' t h e  main components a r e  t h e  two f i r s t  ones; d u r i n g  the -d ry  
season when t h e  groundwater t a b l e  i s  low, t h e  two l a s t  ones dominate. T h i s  
i s  a  main exp lana t i on  of t h e  l a r g e  f l u c t u a t i o n s  t y p i c a l  f o r  su r f ace  water  
q u a l i t y  - so f r u s t r a t i n g  t o  people engaged i n  env i  ronmental mon i t o r i ng .  
LIFE QUALITY AND ENVIRONMENTAL MANIPULATION 
Bal a  n c i  ng water-dependence agai  n s t  generated impacts  i n an i n teg ra ted  
mana~ement 
Even i f  man l i v e s  h i s  l i f e  on land, many o f  h i s  a c t i v i t i e s  are, as e a r l i e r  
i n d i c a t e d ,  water-dependent. Moreover, he i s  more o f  l e s s  f o r ced  t o  
i n t e r a c t  w i t h  v i r g i n  ecosystems and t o  manipu la te  t h e  n a t u r a l  landscape i n  
o r d e r  t o  g e t  t h e  f ood  and energy needed (Falkenmark, da Cunha and Dav id  
1987 ) . 
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F ig .  9. Two opposite aspects of i n t e r e s t :  t o  where does the water go and from 
where does t he  water come? 
Feaerol  R e ~ u b l ~ c  01 G e r m a n y  U S A  il 
l~lrocnloroe~nene Ir~chloroelnene 
Ir~cn~oroe~nene - 2 - le~rorn~oroe~hefe 
CIS- 1.2-J~ch~oroe~nene -I 1- l m n S - l Z - O ~ C N ~ ~ ~ l h f e  
aenzene 
-4- lr~cnloromelnm 
vinyl c n l o r ~ a ~  5 -  11- 01chloroelhPne 
Ir~cnlorome~none 6 -  Ovh~oromeltme 
1.1.1 -1rlchloroelhone -7- 1  11- Ir~chl~~oevIoIIp 
lylenes de- I  1 - O~chloroe~hMp 
Irons- 1 Z - ~ ~ c h ~ o r o e ~ h e n e  d9- 1.2- 01chloroeVwt 
lolume Phencd 
Elhylbenztne & e l m  
 loro om el hone, , lduene 
I O ~ c h l ~ r ~ b ~ I U ~ t l  b1s-l2-elhylhexyll- phlholole 
Chlorob~nzene Benzere 
IeIro~hlorornelhan~ 15 - vinyl ~NorldP 
 
50 40 30 20 ID 0 0 ID 20 30 LO 50 
Ircquency ol deleclmn 1 % 1 
F igure  10. The most f requen t l y  detected organic  contaminants i n  groundwater 
aqu i f e r s  downstream o f  waste. s i t e s  i n  FRG and USA. Data base composed o f  92 
s i t e s  i n  FRG and 356 s i t e s  i n  USA. From Plumb J r .  8 P i t c h f o r d  (1985). Ke rndo r f f  
e t .a l  . (1988). 
L i f e  e v i d e n t l y  " f o r c e s "  man t o  manipu la te  t he  n a t u r a l  environment i n  a  
m u l t i t u d e  of ways: by man ipu la t i ng  ground sur face  and vege ta t i on  (ex.  
d e f o r e s t a t i o n  f o r  s lash  and burn a g r i c u l t u r e ) ,  by man ipu la t ions  a iming a t  
making wate r  more e a s i l y  access ib l e  where needed (we1 l s ,  tube we1 l s ,  
7 p i p e l i n e s ,  cana ls  e t c ) ,  by i n t e r v e n t i o n  w i t h  t he  f l o w  regime t o  make wate r  
access ib l e  when needed ( r e s e r v o i  rs ,  fl ow c o n t r o l  devices e t c )  , by 
i n t e r v e n t i o n t h  water  qua1 i ty when b e n e f i t t i n g  f rom water mobi 1  i ty f o r  
c a r r y i n g  away waste, by i n t r o d u c t i o n  o f  chemical substances t o  improve 
a g r i c u l t u r a l  p roduc t i on  ( f e r t i l i z e r s ,  p e s t i c i d e s ) ,  o r  as a  by-product  o f  
o t h e r  a c t i v i t i e s  such as bu rn i ng  o f  f o s s i l  f u e l s  and o t h e r  exhaust  gases 
from i ndus t r y .  
A l l  these i n t e r v e n t i o n s  make man water - impact ing,  as t h e  i n t e r v e n t i o n s  
produce unavoidable feedbacks t o  w a t e r - r e l a t e d  phenomena. For  t h i s  reason, 
sus ta i nab le  development must be a  ques t i on  o f  ba lanc ing  t h e  i n t e r v e n t i o n s  
needed a g a i n s t  t h e  unavoidable  impacts produced. A  t y p i c a l  example i s  t h e  
Teared d is tu rbance  o f  r a i  n f a l l  over  t h e  Amazon bas in  (Sal  a t i  & Vose 1984). 
A  fundamental problem i n  t h e  p a s t  has been t h a t  man has shown s e r i o u s  l a c k  
of bas i c  competence i n  t h i s  regard  (Brinkmann 1986). 
Three man ipu la t i on  ca tego r i es  
Bas i ca l  ly, so-cal l e d  env i  ronmental e f f e c t s  a re  induced by t h r e e  main 
ca tego r i es  o f  man ipu la t ions  w i t h l p e r t u r b a t i o n s  o f  t he  n a t u r a l  environment:  
a )  i n t r o d u c t i o n  o f  chemical substances i n t o  t h e  b iosphere 
b )  man ipu la t i on  o f  t he  s o i l l v e g e t a t i o n  system 
c )  u t i l i z a t i o n  o f  n a t u r a l  resources, renewable such as wa te r  and 
hydropower, and non-renewable such as minera ls .  
Based on t h i s  s t r u c t u r i z a t i o n ,  t a b l e  1 c l a r i f i e s  bas i c  pherioniena d is tu rbed ,  
and h i ghe r -o rde r  e f f e c t s  on f l o r a ,  fauna and human h e a l t h  generated i n  
comp l i ca ted  cascade systems. To a  c e r t a i n  degree, such h i ghe r -o rde r  e f f e c t s  
a re  unavoidable  consequences o f  t h e  "1 i f e - s u p p o r t i n g "  f u n c t i o n s  o f  water,  
ma in ly  r e f 1  e c t i  ng i t s  tremendous v e r s a t i l  i ty as a  chemical substance. 
MATRICES TO CLARIFY PROPAGATION OF CHANGE 
Ma t r i ces  as a  t o o l  i n  communication 
Man, i n  h i s  e f f o r t s  t o  c o n t r o l  t h e  n a t u r a l  environment, needs a  
s a t i s f a c t o r y  unders tanding of t h e  complex i n t e r a c t i o n s  between po l  i c y  
a c t i o n s  t h a t  he may contemplate  and t h e i r  p o s s i b l e  impacts on t h e  n a t u r a l  
environment. He must have a t  l e a s t  a  bas i c  unders tanding o f  t h e  main 
l i n k a g e s  i n  o rde r  t o  design e f f e c t i v e  s o c i e t a l  responses t o  p r a c t i c a l  
concerns r ega rd i ng  undes i red  phenomena i n  t h e  n a t u r a l  environment. 
The way i n  which d is tu rbances  a r e  propagated th rough  t h e  wate r  c y c l e  can 
e a s i l y  be c l a r i f i e d  t o  t h e  decis ion-maker by t h e  use o f  matr ices.  F o l l o w i n g  
an exemple i n  I IASA (C la r k  19851, where e f f e c t s  on i n t e r e s t i n g  
env i ronmenta l  i n d i c a t o r s  of p e r t u r b a t i o n s  o f  atmospher ic chemist ry  where 
v i s u a l i z e d ,  a  s i m i l a r  s e r i e s  of ma t r i ces  has been developed f o r  l and lwa te r -  
r e l a t e d  d is turbances.  The a im i s  t o  demonstrate how a  d is tu rbance  
somewhere i n  t h e  system i s  propagated onwards by t h e  wate r  cyc le ,  and i s  
t r a n s 1  a ted  i n t o  changes of d i f f e r e n t  env i ronmenta l  components. 
C l a r k ' s  framework i s  a  f u r t h e r  development o f  an env i  ronmental assessment 
m a t r i x  by Crutzen & Graedel (1986) as p a r t  o f  t h e i r  c o n t r i b u t i o n  t o  t h e  
T a b l e  1. C a t e g o r i e s  o f  env i ronmen ta l  m a n i p u l a t i o n s ,  some phenomena d i s t u r b e d  
and h i g h e r  o r d e r  e f f e c t s  
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I I A S A  program on "Eco log i ca l  l y  sus ta i nab le  devel opment o f  t he  b iosphere" .  
T h e i r  m a t r i x  aimed a t  f ocuss ing  on t h e  atmospher ic environment and t h e  ways 
i n  which chemical processes i n f l u e n c e  i t s  nature,  composi t ion and response 
t o  d is turbance.  
Conceptual base 
The o v e r a l l  framework was developed around a s e t  o f  bas ic  concepts: 
- valued env i ronmenta l  components, i e p r o p e r t i e s  most worthy o f  a t t e n t i o n  
o r  p r o t e c t i o n  i n  a  g i ven  assessment con tex t ,  r e f l e c t i n g  t he  judgement o f  
broader  p o l i t i c a l  and s o c i a l  communit ies as w e l l  as those o f  s c i e n t i f i c  
expe r t s  
- sources caus ing changes i n  those environmental  components, i n  o t h e r  words 
p o t e n t i a l  a c t i v i t i e s  and f l u c t u a t i o n s  ( p e r t u r b a t i o n s )  l e a d i n g  t o  
env i ronmenta l  d i  s turbances 
- mutual i n t e r a c t i o n s  between environmental  c o n s t i t u e n t s  themsel ves, i n  
o t h e r  words such i n t e r a c t  i ons  by which one env i  ronmental c o n s t i t u e n t  
m igh t  have impact  on ano ther  
- a f i n a l  o v e r a l l  framework t y i n g  t o g e t h e r  t h e  o v e r a l l  i m p l i c a t i o n s  o f  
sources o f  environmental  d i s tu rbances  w i t h  t h e  r e s u l t i n g  changes i n  t h e  
se lec ted  env i ronmenta l  components. 
I n  a  bas ic  t a b l e  A (see t h e  sketch below), p o t e n t i a l  sources o f  
env i ronmenta l  p e r t u r b a t i o n s  (e  g  coa l  combust ion) were r e l a t e d  t o  t h e  
env i ronmenta l  c o n s t i t u e n t s  d i s t u r b e d  (ex. C02, 0  ). I n  t h e  nex t  t a b l e  5, 
t h e  mutual i n t e r a c t i o n s  between t he  var ious  cons 2 i t uen t s  were l i n k e d  t o  
each o t h e r  ( i  .e. a  change i n  ha1 ocarbons has an impact on O ). I n  a  t h i r d  
t a b l e  C, d is tu rbances  i n  t h e  se lec ted  c o n s t i t u e n t s  were l i n  2 ed t o  t h e  
changes produced i n  t h e  se lec ted  env i  ronmental components (ex.  impact o f  a  
change i n  O3 on thermal r a d i a t i o n  budget and photochemical ox i dan t  
f o rma t i on ) .  The f i n a l  o v e r a l l  m a t r i x  0, 1 i nked t h e  changes i n  env i  ron~nen ta l  
components back t o  t h e  p o t e n t i a l  sources o f  pe r t u rba t i ons ,  produc ing those 
changes. 
sources o f  p e r t u r b a t i o n s  
A 1 ' 1 
d i s tu rbance  i n  c o n s t i t u e n t s  D 
I 
C 
change i n  env i  ronmental componen tA  
Land /wate r - re la ted  d is tu rbances  
E v i d e n t l y  t h e  s o i l  p rov ides  a key zone i n  t h e  t e r r e s t r i a l  phase o f  t h e  
water  cyc le .  Indeed, t h e  processes i n  t h e  upper s o i l  determine n o t  o n l y  t h e  
amount o f  wa te r  remain ing f o r  groundwater recharge b u t  a l so  i t s  q u a l i t y ,  
t h e  pathways f o l l owed  by t h e  water  th rough  t he  catchment t o  t h e  r i v e r  and 
t h e  r i v e r  q u a l i t y .  A t  t h e  same t ime, t h e  s o i l  p r o d u c t i v i t y  i s  d i r e c t l y  
dependent on t he  s o i l  mo is tu re  cond i t i ons .  There i s  t h e r e f o r e  today an 
i ncreas ing awareness o f  t h e  wide env i  ronrnental importance o f  t h i s  
s o i l l w a t e r  mutual i n t e r p l a y  and consequent ly o f  t h e  need t o  t r e a t  water  and 
s o i l  i n  an i n t e g r a t e d  way. T h i s  means t h a t  an environmental  m a t r i x  on water  
shou ld  i n c l u d e  a1 so s o i l  and l a n d  use phenomena. 
Summarizirlg, t h e  conceptual  base i s  t h e  f o l l o w i n g :  
f l  o ra  
change i n  change i n  /faun a 
d is tu rbance  4 fundamental - env i  ronmental _, heal t., 
process component and li f e  qual  i ty 
source mechanism pr imary 
e f f e c t  
h i  gher-order  
e f f e c t s  
I n  a d d i t i o n ,  t h e  water c y c l e  c o n t i n u i t y  i m p l i e s  t h a t  a change i n  a p r imary  
hyd ro l og i ca l  process i s  propagated through a sequence of wa te r  c y c l e  steps, 
produc ing changes a1 so i n  secondary hydro1 o g i c a l  processes. 
Envi  ronmental processes and d i  s t u r b i  ng a c t  i v i  t i e s  
The c r i t e r i a  f o l l owed  i n  s e l e c t i n g  t h e  processes and environmental  
components t o  be r e f l e c t e d  i n  a j o i n t  m a t r i x  f o r  l and lwa te r  d is tu rbances  
were t h e  f o l  1 owing. Plost i n t e r e s t i n g  wa te r - r e l a ted  env i  ronmental components 
a re  those r e l a t e d  t o  l a n d  f e r t i l i t y  and land-use a t t r i b u t e s  on t h e  one 
hand, and wate r  use and a q u a t i c  ecosystems on t h e  o ther .  T h i s  means t h a t  
t h e  processes o f  i n t e r e s t  f o r  t h e  ma t r i ces  a re  o f  t h r e e  k inds :  
. s o i l :  w e t t i n g  and n u t r i e n t  supply  
. groundwater: recharge and qual  i ty 
. r i v e r  f l ow:  f o rma t i on  and q u a l i t y .  
The r e l e v a n t  a c t i v i t i e s  t o  be i n c l u d e d  a re  t h e r e f o r e  a wide a r ray  o f  
d is turbances,  i .e .  those i n f l u e n c i n g  processes such as p r e c i p i t a t i o n ,  wa te r  
a t t r a c t i o n  capac i t y  o f  t h e  atmosphere, i n f i l t r a t i o n  i n t o  t h e  ground, 
p e r c o l a t i o n  down t h e  s o i l  p r o f i l e ,  underground pathways o f  water,  wa te r  
q u a l i t y  genesis processes e tc .  
Such d is turbances and t h e i r  e f f e c t s  on fundamental processes a r e  i n d i c a t e d  
i n  t a b l e  2 a. The "domino-ef fec t "  phenomenon i s  demonstrated f o r  t h e  
d i s t u r b e d  processes i n  t a b l e  2 b, showing f o r  each p r i m a r i l y  d i s t u r b e d  
water  c y c l e  process, t h e  processes which w i l l  a l so  be d i s t u rbed  due t o  t h e  
c o n t i n u i t y  o f  t h e  wa te r  cyc le .  The c o u p l i n g  between processes d i s t u r b e d  and 
generated changes i n  env i ronmenta l  components, cons idered t o  be o f  general  
s o c i e t a l  i n t e r e s t ,  i s  demonstrated i n  t a b l e  2 c (minor  e f f e c t s  d i  s re-  
garded). 
F i n a l  land-water  d i  s turbance m a t r i x  
Tab le  2 d shows t h e  f i n a l  m a t r i x ,  t y i n g  t o g e t h e r  p e r t u r b a t i o n s 1  
d is tu rbances  t i e d  t o  human a c t i v i t i e s  w i t h  t h e  environmental  components o f  
Tab1 e 2. Ser ies o f  matr ices l i n k i n g  p e r t u r b a t i o n s  o f  environmental systems, 
p r i m a r i  l y  e f f e c t e d  phenomena, and secondar i l y  e f fec ted  phenomena with r e s u l t i n g  
changes i n  var ious environmental  p rope r t i e s .  Explanat ion, see tex t .  
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s o c i e t a l  i n t e r e s t ,  and changes generated as a  consequence o f  the  domino- 
e f f e c t s  s e t  i n  mot ion  by t h e  o r i g i n a l  pe r t u rba t i ons .  C i r c l e s  i n d i c a t e  t h e  
p r i m a r i l y  changed phenomenona, whereas a s t e r i s k s  denote "domino e f f e c t s " .  
T h i s  f i n a l  t a b l e  g ives  two fundamental p ieces o f  i n f o rma t i on .  Read a long a  
v e r t i c a l  column, i t  shows t h e  a r ray  o f  environmental  p r o p e r t i e s  which a re  
be ing  d i  s tu rbed  by human i n t e r v e n t i o n s  w i t h  t h e  atmospere, t h e  t e r r e s t r i  a1 
system, o r  t h e  aqua t i c  system. I n  t h e  column "vege ta t ion" ,  f o r  example, we 
recogn ize  a1 1  t h e  d i f f e r e n t  impacts caused by d e f o r e s t a t i o n .  Read i n  t h i s  
way, t h e  t a b l e  shows t h a t  t h e  e f f e c t s  on environmental  components a re  much 
more complex f o r  i n t e r v e n t i o n s  w i t h  t h e  atmospher ic and t e r r e s t r i a l  systems 
than  f o r  those w i t h  t h e  aqua t i c  system. The t a b l e  however g ives  i n f o r m a t i o n  
o n l y  o f  t h e  v a r i e t y  o f  p r o p e r t i e s  d is tu rbed ,  n o t  on t h e  s i z e  o r  importance 
o f  t h e  e f f e c t s .  It i s  w e l l  known t h a t  very l a r g e  e f f o r t s  have been p u t  i n t o  
s t r u c t u r e s ,  reduc ing  t h e  d i r e c t  waste wa te r  i n p u t  i n t o  aqua t i c  systems due 
t o  t h e  d e l e t e r i o u s  h i ghe r -o rde r  e f f e c t s  a l ready  wi tnessed on aqua t i c  
ecosys tems. 
When read ing  t h e  t a b l e  i n  t h e  h o r i z o n t a l  d i  r e c t i o n  we g e t  an i dea  o f  t h e  
conglomerate o f  d i  sturbances t h a t  may produce changes i n  i n d i v i d u a l  
env i  ronmental p r o p e r t i e s .  What i s  demonstrated i s  bas i ca l  l y  t h e  f u t i l  i ty o f  
t h e  e f f o r t s  t o  t ry t o  prove s c i e n t i f i c a l l y  what s o r t  o f  p e r t u r b a t i o n s  has 
caused a  c e r t a i n  change i n  f o r  example r i v e r  f l o w  o r  s o i l  f e r t i l i t y .  Table  
2  d  i n  o t h e r  words demonstrates t o d a y ' s  environmental  "syndrom" (C la r k  
1988) r e f l e c t i n g  t h e  f a c t  t h a t  man i s  e x e r t i n g  an endless number o f  
i n t e r a c t i o n s  w i t h  t h e  atmosphere, t h e  t e r r e s t r i  a1 and t h e  aqua t i c  systems. 
Many i n t e r a c t i o n s  t end  t o  generate  e f f e c t s  on t h e  same env i  ronrnental 
p roper ty .  The p resen t  way t o  work backwards f rom env i ronmenta l  e f f e c t s  i s  
n o t  neccessa r i l y  t h e  b e s t  way t o  address env i ronmenta l  change. 
GLOBAL CHANGE IMPACTS I N  EUROPE - A TENTATIVE SCENARIO 
C l ima te  change t o  be f e l t  f i r s t  through wa te r - r e l a ted  phenomena 
The l a rge -sca le  c l i m a t i c  change p r e d i c t e d  t o  f o l l o w  as a  consequence o f  t h e  
p resen t  accumulat ion o f  greenhouse gases i n  t h e  atmosphere w i l l  " h i t "  
mankind f i r s t  through t h e  wa te r  c y c l e  and t h e  mu1 t i t u d e  o f  phenomena 
c l o s e l y  r e l a t e d  t o  t he  water  c y c l e  and i t s  processes. 
What w i l l  p r i m a r i l y  change w i t h  a  changed energy balance o f  t h e  atmosphere 
i s  t h e  a e r i a l  water  vapour f l u x  p a t t e r n .  As seen f rom a  t e r r e s t r i a l  
pe r spec t i ve  bo th  t h e  we t t en ing  o f  t h e  l a n d  su r f ace  and t h e  wate r  a t t r a c t i o n  
capac i t y  o f  t h e  atmosphere ( p o t e n t i  a1 evapo ra t i on )  w i l l  change. These two 
phenomena wi  1  1  d r i v e  changes i n  t h e  t e r r e s t r i a l  ecosystems and 
consequent i  a1 changes i n  t h e  f e e d i  ng o f  t h e  t e r r e s t r i a l  water  systems 
(aqu i f e r s  and r i v e r s ) ,  i e  t h e  amount o f  wa te r  go ing onwards i n  t h e  l ong  
branch o f  t h e  water cyc l e .  
A1 1  these  l a r g e  sca le  system changes w i l l  produce a  m u l t i t u d e  o f  impacts  on 
t h e  human environment, which may be c h a r a c t e r i z e d  as changes i n  
env i ronmenta l  components. Bas i ca l  ly, two groups o f  h i g h e r  o r d e r  
consequences wi 11 be produced: 1 )  o f  t h e  changes i n  p l a n t  product ion,  
1  eadi ng t o  changes i n  ecosys tems and 1  and use; 2 )  o f  t h e  chanyes i n  t h e  
t e r r e s t r i a l  water  systems, which w i l l  i n  t h e i r  t u r n  produce a  m u l t i t u d e  o f  
changes o f  w a t e r - r e l a t e d  phenomena and sys tems ( i n c l  wa te r  qua1 i 
changes 1. 
Probable  water  problems i n  response t o  environmental  change 
Dur ing  t he  coming seventy years ,  Europe w i l l  be over taken by a  c reep ing  
change i n  hydroc l imate,  a l t e r i n g  on t h e  one hand s o i l  p r o d u c t i v i t y  and 
ecosystems, and on t h e  o t h e r  bo th  f l o w  and water  l e v e l s  i n  t e r r e s t r i a l  
wa te r  systems (groundwater a q u i f e r s  and r i v e r s ) .  A1 1  these chanyes i n  t h e  
general  wa te r i ng  o f  European 1  and w i l l  have niassive, a lmost endless 
consequences on a1 1  s o r t s  o f  wa te r - r e l a ted  a c t i v i t i e s  f rom those depending 
on water  a v a i l a b i l i t y  i n  t h e  r o o t  zone ( a g r i c u l t u r e ,  f o r e s t r y )  t o  those 
i n f l  uenced by r i v e r  and groundwater c o n d i t i o n s  (wa te r  supply, f l oods ,  
inunda ted  c e l l a r s ,  urban drainage, nav iga t ion ,  subsidence, c o l l a p s i n g  
permaf ros t  s t r uc tu res ,  h e a l t h  o f  coas ta l  seas e t c ) .  
The f i r s t  decades w i  11 however be dominated by d e t e r i o r a t i  ng water  qual  i t y  
i n  many aqu i fe rs ,  r i v e r s  and coas ta l  seas, and a  m u l t i t u d e  o f  secondary 
e f f ec t s  on qua l i t y -dependen t  sec to r s  o f  soc i e t y  on t he  one hand, and on 
f l o r a  and fauna on t h e  o ther .  
Even i f  t h e  changing c l i m a t e  b a s i c a l l y  w i l l  imp ly  a  r i s i n g  long- te rm 
average temperature,  t h e  r e s u l t  over  Europe may be i n f l u e n c e d  by 
atmospher ic b l o c k i n g  phenomena, and many yea rs  may indeed be c o o l e r  t han  
e a r l i e r  over l a r g e  p a r t s  of Europe. I n  t h e  e a r l y  decades o f  t h e  21 cen tu r y  
t h e  sea l e v e l  around Europe may s t a r t  t o  r i s e ,  caus ing i n c r e a s i n g  p rob len~s  
due t o  inunda t ions  of l o w - l y i  ng areas and sea r e s o r t s .  ijy t h e  2020 's  t h e  
i nc rease  o f  extreme events  rnay s t a r t  t o  c r e a t e  g r e a t e r  and g r e a t e r  
problems, i n  p a r t i c u l a r  devas ta t i ng  sumnler droughts  w i t h  vaste  c rop  
f a i l u r e s  and f r equen t  f l o o d s  and inunda t ions .  
Some o f  t h e  s h i f t s  encountered d u r i n g  t h e  coming seventy years  w i l l  be 
q u i t e  r ap id ,  such as changes i n  groundwater l e v e l  i n  response t o  chanyes i n  
t h e  p r e c i p i t a t i o n  p a t t e r n .  A1 so r i v e r s  w i l l  respond i n s t a n t l y  t o  changi ng 
amounts o f  wa te r  f l ows  i n  t h e  landscape. Other  responses w i l l  t end  t o  be 
slower, such as adap t ion  of a g r i c u l t u r e ,  f l o r a  and fauna t o  t h e  mod i f i ed  
cond i t i ons .  A  number o f  changes w i l l  remain l a t e n t ,  such as t h e  s h i f t s  t o  
be expected i n  f o r e s t r y ,  de layed due t o  t he  l o n g  1  i f e - c y c l e s  o f  t r ees ,  and 
i n  n a t u r a l  wa te r  qual i ty, delayed by t h e  slow r e a c t i o n s  and movement o f  
water  th rough  s o i l s  and rocks.  
Seventy yea rs  o f  i n c r e a s i  ng d is tu rbances  
The a lmos t  endless consequences may i n  f a c t  c l o g  t h e  decis ion-making 
system. There may develop a  tremendous p ressure  f rom t h e  general  p u b l i c  f o r  
eng ineer ing  coun te r  measures and f o r  economical suppor t  t o  reduce t h e  
consequences and damages. The c l i m a t i c  f l u c t u a t i o n s  i n c l  t h e  e f f e c t s  o f  t h e  
b l o c k i  ngs, and t h e  d i f f e r e n t  op in i ons  o f  s c i e n t i s t s  on what i s  r e a l  l y  
happening, may confuse t h e  reac t i ons .  Some p a r t s  o f  Europe may be more 
vu lne rab le  t han  others ,  due t o  d i f f e r e n c e s  bo th  i n  t h e  e x t e n t  o f  t h e  
h y d r o l o g i c a l  changes t a k i n g  place, and i n  t h e  resources a v a i l a b l e  by which 
they  c o u l d  be met. 
C l  i m a t o l o g i  s t s  may r e p o r t  t h a t  we a re  w i t ness ing  a  t r a n s i e n t  phase i n  t h e  
c l i m a t e  and t h a t  c l i m a t e  averages a re  on t h e  move. Th i s  makes a l l  p l ann ing  
and management ext remely  d i f f i c u l t .  The general  p u b l i c  may g e t  f r u s t r a t e d  
when t h e  a u t h o r i t i e s  w i l l  n o t  be a b l e  t o  p r o t e c t  them b e t t e r  i n  meet ing t h e  
end less  problems h i t t i n g  them, and t h e  damages on t h e i r  houses, gardens, 
roads e t c .  
Water q u a l i t y  changes d u r i n g  phase 1 
By t h e  t u r n  o f  t h e  century ,  i e  be fo re  t h e  r e a l  problems w i t h  t h e  changing 
hydroc l  imate w i  11 p robab ly  s t a r t  t o  m a t e r i a l i z e ,  o t h e r  s o r t s  o f  water  
problems w i l l  dominate. E v i d e n t l y  urban wate r  p ipe  systems, bo th  those 
c a r r y i n g  d r i n k i n g  water,  those evacuat i  ng sewage and those d r a i n i n g  urban 
s torm r u n o f f  w i l l  con t i nue  t o  d e t e r i o r a t e  a t  an a c c e l e r a t i n g  pace. The 
consequences w i l l  i n c l u d e  mo is tu re  damages on o t h e r  s e r v i c e  l i n e s  us i ng  t h e  
same s t r e e t  t renches. I n c r e a s i n g  leakages on d i s t r i b u t i o n  networks w i l l  
cause pressure problems, and h i g h  b u i l d i n g s  may ge t  problems i n  g e t t i n g  
t h e i r  wa te r  suppl ies .  A1 ready by 1987 a  number o f  Swedish m u n i c i p a l i t i e s  
r e p o r t e d  losses  o f  t h e  same o rde r  o f  magnitude per c a p i t a  as t h e  t o t a l  
amounts recommended f o r  wa te r  supply  systems. 
Another problem g e t t i n g  much a t t e n t i o n  du r i ng  t h i s  phase w i l l  be t h e  
groundwater p o l l u t i o n  which w i l l  success ive ly  m a n i f e s t  i t s e l f  i n  r u r a l  
we1 1s. Sources w i l l  be l e a k i n g  pipes, 1  eached l a n d f i l l s  and i n d u s t r i a l  
waste depos i ts ,  and a g r i c u l t u r a l  chemicals.  Some o f  t h e  problems w i  11 be 
acce le ra ted  by a c i d  r a i n ,  and t h e  l each ing  o f  m e t a l - r i c h  mine depos i ts .  
A1 so, l a n d  ownership r u l e s  and l e g i s l a t i v e  and a d m i n i s t r a t i v e  weaknesses 
w i l l  make i t  d i f f i c u l t  t o  c o n t r o l  a1 1  ground-based po l  l u t i n g  a c t i v i t i e s  
(Lonegren 1987). The genera l  p u b l i c  nay remain q u i t e  un in fo r r~ ied  i n  t h i s  
area f o r  a  cons ide rab le  t ime, as environmental  educa t ion  i n  t h e  schools 
tends t o  focus  on h i ghe r -o rde r  e f f e c t s  on f l o r a  and fauna r a t h e r  t han  t h e  
slow and l a t e n t  processes l e a d i n g  t o  such e f f e c t s .  
A l ready i n  t h e  196U's, t h e  n i t r a t e  l e v e l  i n  groundwater has reached l e v e l s  
of h e a l t h  hazards over  l a r g e  p a r t s  o f  Denmark ( M i l  j o s t y r e l s e n  1985), and 
t h e  problem w i l l  r a p i d l y  expand ove r  t h e  a g r i c u l t u r a l  areas o f  Europe. I n  
t h e  a c i d i f i e d  r eg ions  of Scandinavia,  groundwater s t a r t e d  t o  ge t  a c i d i f i e d  
a1 ready i n  t h e  19801s, f o r c i n g  r u r a l  households t o  n e u t r a l i z e  t h e i r  
consumption water from p r i v a t e  we l l s .  I n t e r e s t i n g l y  enough, t h i s  phenomenon 
was f i r s t  noted by t h e  g reen ish  shade acqu i red  by b londines,  due t o  t h e  
presence of copper i o n s  i n  t h e  water  s o l u t i o n  by which they shaded t h e i r  
h a i r .  
Hyd ro l og i ca l  s h i f t s  d u r i n g  phase 2  and t h e i r  eco log i ca l  consequences 
What may happen d u r i n g  t h e  second phase o f  t h e  n e x t  seventy years  i s  a  
long- term s h i f t  i n  t h e  temperature and p r e c i p i t a t i o n  p a t t e r n  over  Europe. 
The r e s u l t i n g  changes i n  l a n d  r u n o f f  d ra i ned  by t h e  r i v e r s  a r e  imposs ib l e  
t o  p r e d i c t  due t o  u n c e r t a i n t i e s  on t h e  water  consumption o f  p l a n t s  i n  a  
C02-r ich atmosphere. I n  some c o u n t r i e s  i n  t h e  N o r t h  a  n o t  imposs ib le  f u t u r e  
may imp ly  t h a t  t h e  r u n o f f  may double, whereas i n  some c o u n t r i e s  i n  t h e  
South r u n o f f  may decrease by 50-80%. 
The Scandi nav i  an mountains w i  1  1  produce cons iderab ly  l a r g e r  amounts o f  f l  ow 
than  i n  t h e  1980's. Areas t h a t  were e a r l i e r  r a t h e r  dry  i n  S  Sweden, Poland, 
DDR and E  USSR may a1 so produce cons iderab ly  more r u n o f f .  I n  con t ras t ,  
I t a l y ,  France and SE Europe niqy produce l e s s  r u n o f f .  Summer droughts  may 
expand up i n t o  Cen t ra l  Europe, s u f f e r i n g  ma jo r  r educ t i ons  i n  t h e  amount o f  
water  a v a i l a b l e  i n  t h e  s o i l  d u r i n g  summer months. T h i s  may e v i d e n t l y  c r e a t e  
g r e a t  problems f o r  a g r i c u l t u r e ,  e s p e c i a l l y  i n  areas where i r r i g a t i o n  i s  n o t  
easy t o  implement, due t o  water  s c a r c i t y  d u r i n g  t h e  summer season. As a  
con t ras t ,  Fennoscandian wet lands and bogs may expand. I n  t h e  South, t h e  d ry  
f o res t s  may spread ove r  N  I t a l y ,  l a r g e  p a r t s  o f  France, over  SE England and 
t h e  Cen t ra l  lowlands. 
Considerable seasona l i t y  changes may be generated by t he  much warmer 
w i n t e r s  i n  t he  North,  r a d i c a l l y  a l t e r i n g  t h e  f l ow  rythm o f  t he  r i v e r s  and 
t he  water exchange p a t t e r n  o f  t he  many lakes. The snow w in te r s  may vanish 
i n  Southern Fennoscandia and t he  former p a t t e r n  o f  low f low i n  w i n t e r  
months and h igh  me1 twa te r  f l ows  i n  summer be rep laced  by h i gh  w i n t e r  f l ows ,  
e a r l y  snow m e l t  and low summer f lows .  T h i s  w i l l  c r e a t e  problems n o t  on ly  
w i t h  h i gh  p o l l u t i o n  due t o  l ack  o f  d i l u t i o n  f l ow  i n  summer, b u t  a l s o  w i t h  
groundwater t a b l e s  i n  i n h a b i t e d  p laces c l o s e  t o  t h e  r i v e r s .  
The disappearance o f  t he  i c e  covers on N  European r i v e r s  may a l s o  cause a  
number o f  problems, as much o f  t h e  l o c a l  t r a f f i c  i s  now based on 
a v a i l a b i l i t y  o f  w i n t e r  roads across t he  r i v e r s  and lakes. Th i s  w i l l  c r e a t e  
a  demand f o r  new b r i dges  across many o f  t h e  r i v e r s .  
The r i s i n g  sea l e v e l  w i l l  be caus ing major problems i n  a l l  t h e  niajor 
coas ta l  lowlands on t h e  A t l a n t i c  and Medi ter ranean coasts.  The areas 
su f f e r i ng  i n c l u d e  na tu re  reserves,  major  wine d i s t r i c t s  1  i k e  t h e  Bordeaux 
area, and others .  1.l Europe where t h e  l a n d  u p l i f t  f o l l o w i n g  t h e  l a s t  
g l a c i a t i o n  has n o t  y e t  ceased w i l l  be f o r t u n a t e  i n  p a r t l y  avo id ing  t h i s  
problem. Already i n  t h e  e a r l y  2 1  century ,  t h e  Nether lands w i l l  have t o  
s t a r t  t he  g i a n t  task  t o  he igh ten  t h e i r  dams, p r o t e c t i n g  t he  vas t  and 
p roduc t i ve  lowlands aga ins t  t h e  r i  s i  ny sea. The success ive ly  i nc reas ing  
pumping head of t he  po lde rs  w i l l  c o n t r i b u t e  t o  a  cons iderab le  r i s e  o f  t h e  
energy needs. 
Water a v a i l a b i l i t y  problems i n  S Europe 
The changing r u n o f f  i n  Europe w i l l  a1 t e r  a l s o  t h e  general  water  supply 
c o n d i t i o n s  i n  t he  d i f f e r e n t  c o u n t r i e s  (Brouwer & Falkenmark 1989, F i g u r e  
11).  Reported t o  be t h e  most wa te r  s t ressed  i n  t h e  1970 's  - i n  t e r n s  of 
number o f  i n d i v i d u a l s  t o  be supp l i ed  f rom each f l o w  u n i t  o f  water a v a i l a b l e  
t o  t h e  coun t ry  f rom t h e  g l oba l  wa te r  cyc le  - a r e  Belgium, DDR and Poland 
(Fo rkaz iew i t z  & Margat 1980, Falkenmark 1986). Both DDR and Poland may be 
favoured by t he  increased wetness i n  N Europe, whereas Be1 gium may be l e s s  
i n f l u e n c e d  i n  t h i s  regard. 
A number o f  c o u n t r i e s  i n  S  Europe, cha rac te r i zed  by good r e l a t i v e  water  
a v a i l a b i l i t y  i n  t h e  19701s, may develop i n c r e a s i n g  problems i n  response t o  
t h e  d r i e r  hydroc l imate  o f  t he  coming decades. E s p e c i a l l y  Spain, I t a l y  and 
Greece niay be s u f f e r i n g  acce le ra ted  water  s c a r c i t y :  f rom around 300 p / f l ow  
u n i t  i n  t h e  1970's ( s i m i l a r  t o  many Mid-European coun t r i es  a t  t h a t  t i n e ) ,  
they may a r r i v e  c l o s e  t o  700 p/un i  t. Th i s  i s  a  l e v e l  cha rac te r i zed  by a  
d e f i n i t e  water  s t r e s s  comparable t o  t h e  one i n  t h e  Lower Colorado b a s i n  i n  
SW USA i n  t h e  1970's.  Considerable water  s c a r c i t y  problems may t h e r e f o r e  
meet these coun t r ies ,  and i n  f a c t  make i t  i n c r e a s i n g l y  d i f f i c u l t  t o  meet 
i n c r e a s i  ng summer droughts w i t h  1  arge-sca le i r r i g a t i o n .  
Every sec to r  o f  s o c i e t y  exposed 
The v e r s a t i l i t y  o f  wa te r  w i l l  make every sec to r  o f  soc ie t y  exposed when 
wa te r - re l a ted  c o n d i t i o n s  s t a r t  t o  change. Table 3  summarizes these 
i m p l i c a t i o n s ,  l i s t i n g  t h e  main problems t o  be expected, t oge the r  w i t h  t h e  
eng ineer ing  measures needed t o  m i t i g a t e  t he  problems. The t a b l e  l i s t s  t he  
mu1 ti tude o f  s o c i e t a l  sec to r s  t h a t  w i  11 be concerned. The water- re1 a t e d  
d is turbances have been c l a s s i f i e d  i n  two main groups: d is turbances o f  
WATER SURPLUSES 
im -/u~,I 
F i g u r e  11. R e l a t i o n  between p o p u l a t i o n  changes and changes i n  w a t e r  a v a i l a b i l i t y  
due t o  n o t  imposs ib le  h y d r o l o g i c a l  s h i f t s  f o r  d i f f e r e n t  European coun t r i es .  Water 
a v a i l a b i l i t y  c a l c u l a t i o n s  based on g l o b a l  c l i m a t e  s imu la t i ons  f o r  a  2xC02 
atmosphere by UK 14eteoro log ica l  O f f i c e .  C ross ing  l i n e s  i n d i c a t e  water  c o m p e t i t i o n  
l e v e l s  i n  p l f l o w  u n i t .  FromBrouwer  & Falkenmark (1989). 
Table 3. Imp1 i c a t i o n s  o f  w a t e r - r e l a t e d  d i s tu rbances .  + i n d i c a t e s  w e t t e r  c o n d i t i o n s ,  - i n a i c a t e s  d r i e r  coridi t i o n s  
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. dredging 
t e r r e s t r i a l  water  ( i  e  s o i l  mo is tu re  and groundwater), and o f  water i n  
aqua t i c  systems (i e  r i v e r s  and l akes ) .  The t a b l e  a l s o  d i s t i n g u i s h e s  
d i f f e r e n t  f u n c t i o n a l  uses of water:  f l ow - re l a ted  uses, use o f  water systems 
as c a r r i e r  o f  e f f l u e n t s ,  use of water  bodies as such, and a c t i v i t i e s  
re1  a ted  t o  water depth. 
The most se r i ous  problems t o  meet i n  response t o  t h e  changing hydroc l imate  
w i l l  be c rop  f a i l u r e s ,  exp lod ing  dra inage cos t s  t o  meet groundwater and sea 
l e v e l  r i s e ,  hydropower f a i l u r e s  i n c l u d i n g  poss ib l e  dam co l lapses  i n  t h e  
No r th  and some closed-down p l a n t s  due t o  r i v e r  d e p l e t i o n  i n  t h e  South. A  
number o f  water supply schemes may a l so  c o l l a p s e  f o r  va r i ous  reasons: e a r l y  
i n  t h e  cen tu ry  due t o  l e a k i n g  pipes, p o l l u t i o n  from r i s i n g  groundwater and 
c o l l a p s i n g  sewage systems, po l  l u t e d  source areas and l a t e r  due t o  advancing 
water s c a r c i t y  i n  t h e  South. The r i s i n g  r i v e r  f l ows  i n  N  and C Europe may 
cause inundat ions  and l evee  problems. Indeed, t h e  need f o r  inc reased  wate r  
s to rage  may t end  t o  r eve rse  t h e  a t t i t u d e s  o f  t he  general p u b l i c  t o  s torage 
r e s e r v o i r s ,  as compared t o  t h e  t ime when they were used main ly  f o r  
hydropower regu l  a t i  on. 
Many o f  t he  European l akes  w i l l  be changing 1  imnol og i ca l  l y :  temperature 
s t r a t i f i c a t i o n  w i l l  change i n  lakes  t h a t  used t o  be ice-covered i n  w i n t e r  
t ime. They w i l l  be c i r c u l a t i n g  a1 1  through t he  w i n t e r  ( i  e  t u r n  ~nonomic t i c  
i n  s tead  o f  e a r l i e r  d i m i c t i c ) .  Dur ing  t he  present  c l imate ,  they c i r c u l a t e  
on l y  sho r t  per iods  i n  autumn and spr ing .  P o l l u t a n t s  w i l l  t h e r e f o r e  be more 
e f f e c t i v e l y  mixed i n t o  t h e  whole water mass. The inc reased  th roughf low may 
reduce response t ime o f  r i v e r  systems t o  p o l l u t i o n ,  b u t  a l so  inc rease  t h e  
f l u s h i n g  o f  phosporus which i s  a t  present  b u r i e d  i n  t he  sediments. These 
changes may cause t he  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t he  lakes  t o  a1 t e r ,  
l e a d i n g  t o  changes i n  t h e  f i s h  popu la t ion .  
The cons iderable water  balance changes i n  N  Europe may c r e a t e  a l s o  some 
d e f i n i t e  changes i n  t he  c h a r a c t e r i s t i c s  o f  t he  B a l t i c  Sea (Fa1 kenmark 
1986b). The n e t  i n p u t  o f  f reshwater  w i l l  i nc rease  due t o  t h e  w e t t e r  
c l ima te ,  a l though t o  some e x t e n t  compensated by t h e  l a r g e r  evapora t ion  from 
t h e  sea surface. A t  t h e  same t ime t he  i n f l o w  from t h e  No r th  Sea may 
i nc rease  cons iderab ly  i n  response t o  t he  r i s i n g  sea l e v e l .  The water  
exchange may t h e r e f o r e  speed up cons iderab ly ,  t h e  s a l i n i t y  may inc rease  and 
t h e  e c o l o g i c a l  c h a r a c t e r i s t i c s  change accord ing ly .  
SUSTAI NABLE INTERACTION BETWEEN SOCIETY AND THE WATER CYCLE 
Sus ta i  nab i  1  i ty c r i t e r i a  and t h r e a t s  t o  s u s t a i  nab i  1  i ty 
Recal l i n g  t h e  c r u c i a l  r o l e  of water i n  t h e  geophys io log ica l  system o f  t he  
g loba l  biosphere, and t h e  f a c t  t h a t  water  i s  g l o b a l l y  c i r c u l a t e d  i n  t h e  
water  c y c l e  w i t h  which man con t i nuous l y  i n t e r a c t s  by l and  use and by 
s o c i e t a l  a c t i v i t i e s .  sus ta i nab le  deve lo~men t  must be a  aues t ion  o f  a  
sus ta i nab le  i n t e r a c t i o n  between human sbc ie ty  and t h e  wa'ter cyc le ,  
i n c l u d i n g  a l l  t h e  ecosystems f e d  by t h a t  cyc le .  
A  bas i c  c r i t e r i o n  f o r  sus ta i nab le  development, accord ing t o  WCED (1987),  i s  
t h e  s a t i s f a c t i o n  o f  p resen t  needs w i t h o u t  compromising f u t u r e  needs. T h i s  
c r i t e r i o n ,  t r a n s l a t e d  i n t o  t h e  wate r  domain, would mean t h a t  a  number o f  
wa te r - re l a ted  needs a re  t o  be met n o t  on l y  today b u t  a l s o  tomorrow: 
. sof 1  pe rmeab i l i t y  and wate r  r e t e n t i o n  capac i t y  has t o  be secured i n  o r d e r  
t o  a1 low bo th  r a i n f a l l  t o  i n f i l t r a t e  and adequate water supply t o  biomass 
p roduc t i on  on a  l a r g e  enough sca le  f o r  s e l f - s u f f i c i e n c y  
. d r i n k a b l e  water  has t o  be a v a i l a b l e  
. t h e r e  has t o  be enough wate r  t o  a l l o w  general  hygiene 
. f i s h  i n  r i v e r s  and l akes  has t o  be ed ib l e .  
Today, a  number o f  water - re1 a t e d  f a c t o r s  and phenomena, however, tend  t o  
t h r e a t e n  s u s t a i n a b i l i t y .  Food p roduc t i on  may be th rea tened  as r eg iona l  
p r o d u c t i v i t y  may be decreas ing due t o  s o i l  e r o s i o n  o r  o t h e r  fornis o f  
f e r t i  1  i ty d e t e r i o r a t i o n ,  such as accumulat ion o f  t o x i c s  o r  imbalance o f  
necessary s o i l  p r o d u c t i v i t y  components ( a i r ,  water, n u t r i e n t s ,  humus, 
b i o t a ,  c f .  Hyams 1976). Under a r i d  cond i t i ons ,  i t  may n o t  be p o s s i b l e  t o  
i nc rease  p r o d u c t i v i t y  enough t o  suppor t  l o c a l  popu la t ions ,  due t o  l a c k  of 
water. Water sources may be g e t t i n g  p o l l u t e d ;  t h i s  means t h a t  water  w i l l  
n o t  be d r i n k a b l e  and/or n o t  usable  f o r  i r r i g a t i o n  purposes w i t h o u t  
t reatment .  Water bodies i n  the  landscape may be g e t t i n g  po l  l u t e d :  t h i s  
means t h a t  t h e  f i s h  w i l l  n o t  be ed ib l e ,  and t h a t  aqua t i c  systems w i l l  be 
d e t e r i o r a t i  ng. 
Three t v ~ e s  o f  wa te r  i nvol  ved 
E v i d e n t l y ,  b o t h  wa te r  q u a n t i t y  and qua1 i ty may pose l i m i t a t i o n s ,  r e n d e r i  ny 
devel opment unsus ta i  nable. Bo th  types o f  1  i m i t a t i o n s  may r e l a t e  t o  t h r e e  
d i f f e r e n t  types o f  water,  a1 1  e q u a l l y  impo r tan t  f o r  human l i f e :  s o i l  water  
i n  t h e  r o o t  zone, groundwater i n  aqu i f e r s ,  and sur face  water  i n  r i v e r  
systems. Local  s c a r c i t y  may be generated by two phenomena: t o o  l a r g e  a  
popu la t i on  i n  r e1  a t i o n  t o  t h e  a v a i l  ab le  amount o f  renewable water  supply,  
and a  man-generated d e s t r u c t i o n  o f  t he  permeabil i ty and/or t h e  wa te r  
r e t e n t i o n  capac i t y  o f  t h e  s o i l .  Tab le  4 shows t o  what e x t e n t  these 
d i f f e r e n t  wa te r  parameters a c t  as determi nants  o f  bas ic  components o f  
sus ta i nab le  development, and i n  what way they  may be threatened.  
Three t h r e a t e n i n g  types o f  l and-use- re la ted  a c t i v i t y  
Bas i ca l  ly, t h r e e  d i f f e r e n t  types o f  human a c t i v i t i e s  may t h r e a t e n  
sustains-bi 1  i ty. F i r s t ,  i n t e r a c t i o n  w i t h  t h e  s o i l  / vege ta t i on  system may have 
d e l e t e r i o u s  e f f e c t s  on t h e  s o i l  p e r m e a b i l i t y  i n  c e r t a i n  s o i l s .  l e a d i n s  t o  
t h e  f o rma t i on  o f  phys i ca l  o r  chemical c r u s t a s  when t h e  vege ta t i on  i s  " 
removed ( i  .e. f o r  f u e l  wood harves t ing ,  s lash  and burn a g r i c u l t u r e ,  o r  
i n d u s t r i a l  f o r e s t r y ) .  Vege ta t i on  removal w i l l  i n t e r f e r e  w i t h  t h e  1  oca l  
water  balance, w i t h  p a r t i c u l a r l y  severe impacts i n  vu l ne rab le  environments 
i n  t h e  t r o p i c s .  
Second, t h e  hand l i ng  o r  d e p o s i t i o n  o f  p o l l u t i n g  substances, access ib l e  t o  
ove r l and  o r  subsur face wa te r  on i t s  way t o  groundwater a q u i f e r s  and r i v e r s  
may t h r e a t e n  sus ta i nab i  1  i ty. T h i s  group o f  a c t i v i t i e s  i n c l u d e s  a  broad 
spectrum o f  measures: l a n d f i l l s  o f  d ry  waste, l e a k i n g  pipes, c o r r o d i n g  o i l  
con ta iners ,  su rp l us  f e r t i l i z e r s ,  p e s t i c i d e s ,  e t c .  
The t h i r d  group o f  a c t i v i t i e s  a r e  r e l a t e d  t o  wa te r  wi thdrawal  and a f t e r - u s e  
r e t u r n  t o  n a t u r a l  wa te r  systems, f o r  purposes such as wa te r  supply o r  
-i r r i g a t i o n .  The wi thdrawal  o f  groundwater above t h e  r a t e  o f  na tu ra l  o r  
a r t i f i c i a l  recharge w i l l  l e a d  t o  o v e r e x p l o i t a t i o n ,  w i t h  a  s i n k i n g  
groundwater t ab l e ,  and i n  suscep t i b l e  environments a l s o  a  s i n k i n g  o f  t h e  
ground su r f ace  as consequences. The r e t u r n  o f  s u r p l u s  water  a f t e r  use i s  
ano ther  t h r e a t e n i n g  a c t i v i t y ,  e i t h e r  as p o l l u t e d  waste water,  o r  as s u r p l u s  
wa te r  from i r r i g a t i o n ,  c a r r y i n g  t h e  excess s a l t s  l e f t  by t h e  evaporated 
T a b l e  4. W a t e r - r e l a t e d  d e t e r m i n a n t s  o f  and t h r e a t s  t o  s u s t a i n a b l e  development 
TYPE OF WATER DETER1.11 IJANT OF THREATEIJEL) BY 
s o i  1  wa te r  . c r o p  p r o d u c t i o n  . c r u s t a  fo rma t ion ,  ex by 
. f o r e s t  p r o d u c t i o n  - o v e r g r a z i n g  
. f ue lwood  s ~ ~ p p l y  - overuse 
- d e f o r e s t a t i o n  
T e r r e s t r i a l  systems: 
. F low 
. Q u a l i t y  
- r i v e r s  
- ground ?dater 
. w a t e r  supp ly  . v e g e t a t i o n  clianyes, e. g. 
. hydropower u p s e t t i  ncj p a r t i  t i o n i  ng 
. i r r i g a t i o n  p o t e n t i a l ,  i .e .  o f  r a i n w a t e r  
d r y  r e g i o n  c r o p  produc-  
t i o n  
. w a t e r  s u p p l y  
. i r r i g a t i o n  p o t e r ~ t i  a1 
. a q u a t i c  ecosystems 
. f i s h  p r u u u c t i o n ,  i . e .  
food supp ly  
. waste  w a t e r  
. r e t u r n  f l o w  f r o n  
i r r i g a t i o n  
. l e a c h i n g ,  ex 
- vraste d e p t i s i ~ i o n  
- f e r t i  1 i z e r s  
- p e s t i c i d e s  
. l e a k i  ug p i p e s  
. v e g e t a t i o n  changes 
( i n  a r i d  r e g i o n s )  
water f r a c t i o n .  F i n a l l y ,  when drainage i s  n o t  prov ided t o  evacuate t h e  
surp lus,  water  l ogg ing  and s a l i  n i z a t i o n  cause a  t h r e a t  t o  s o i l  
p r o d u c t i  v i  ty. 
L i m i t a t i o n s  D O S ~ ~  bv t h e  environment 
The concept o f  sus ta i nab le  development i s  i n  some way r e l a t e d  a l so  t o  
l i m i t a t i o n s ,  imposed by t he  environment on s o c i e t y ' s  a b i l i t y  t o  meet human 
needs bo th  today and tornorrow. One type o f  environmental  l i m i t a t i o n  has i t s  
o r i g i n  i n  t h e  amount o f  renewable water supply made a v a i l a b l e  f rom t h e  
ci lobal water cyc le .  Th i s  amount i s  a  f u n c t i o n  sim~1.y o f  a  c o u n t r y ' s  
geographical  p o s i t i o n  i n  r e l a t i o n  t o  t h e  g loba l  p i t t e r n  o f  a e r i d  wate r  
vapour fl ux, t h e  p r e c i p i  t a t i o n - f o r m i  ng processes a c t i v e  over t h a t  coun t ry ,  
and t h e  hydrographic p a t t e r n  b r i n g i n g  exogenous wate r  f rom upstream areas. 
The amount may change i n  response t o  c l i m a t e  change. 
Such wa te r - re l a ted  c o n s t r a i n t s  tend  t o  l i ~ n i t  h e  degrees of freedorii 
a v a i l a b l e  f o r  development. They may even l i m i t  t he  popu la t ion ,  which i t  i s  
p o s s i b l e  t o  s u s t a i n  w i t h  bo th  G o d  and water ( ~ a l  kenmark 1987). Experience 
has shown us t h a t  even a  western semi-ar id  s o c i e t y  i s  n o t  ab le  t o  manage 
above a  c e r t a i n  "water b a r r i e r "  o f  about 2,000 p / f l ow  u n i t  ( 1  m i l l  i o n  cub ic  
metres o f  water  per  annum), reached a1 ready i n  t h e  mid-1970's i n  I s r a e l  . 
Another type o f  environmental  l i m i t a t i o n  i s  r e l a t e d  t o  a  c o u n t r y ' s  
p o t e n t i a l -  vul  n e r a b i l  i ty t o  t h e  consequent ia l  e f f e c t s  o f  human i n t e r v e n t i o n s  
on s o i l  pe rmeab i l i t y ,  and on t e r r e s t r i a l  and aqua t i c  ecosystems. I n  
p r i n c i p l e ,  o n l y  such i n t e r v e n t i o n s  a re  acceptable t h a t  do n o t  jeopard ize  
c r u c i a l  determinants o f  e i t h e r  s o i l  p r o d u c t i v i t y  ( s o i l  permeabi 1  i ty, wate r  
h o l  d i  ng capac i t y  o f  t h e  r o o t  zone), o r  l o c a l  wa te r  access ib i l  i ty 
(groundwater 1  eve1 , dry  season f l ow  i n  1  oca l  r i v e r s )  . 
WATER At40 SOCIETAL DECISION IUKINC;  
Al though n o t  gene ra l l y  r e a l i z e d  by p o l i c y  mdkers, a  vaste n ~ u l t i t u d e  o f  
s o c i e t a l  dec is ions  a re  i n  f a c t  water-re1 ated. Water-re1 a ted  dec is ions  may 
concern water  p r o j e c t s  on t h e  one hand, and o t h e r  i ssues  where wa te r  i s  
i nvo l ved  as a  more o r  l e s s  hidden f a c t o r  on t he  o the r :  l and  use, 
a g r i c u l t u r e ,  f o r e s t r y ,  t r a f f i c ,  energy, c i t y  p lanning,  environmental  
p ro tec t i on ,  n a v i g a t i o n  e tc .  Decis ions may a l s o  be r e l a t e d  t o  var ious types 
o f  wa te r  c y c l e  i n te r ven t i ons ,  d i r e c t  o r  i n d i  r ec t ,  and r e l a t e d  t o  e i t h e r  
water f lows and pathways, o r  t o  water  q u a l i t y .  Table 5 gives a  number o f  
i nd i  c a t i o n s  o f  dec i  s i o n - i  ssues accord i  ng t o  these categor ies.  .. 
Decision-makers a re  expected t o  base t h e i r  dec is ions  on t h e  
e x i s t i n g  understandi  ng o f  an environmental  phenomenon. It f o l l o w s  froni t h e  
prev ious sec t ions  t h a t  t h i s  i s  n o t  an easy task even when l i m i t e d  t o  t he  
pe rspec t i ve  o f  wa te r  and wa te r - re l a ted  phenomena o f  soci  eta1 re1  evance. 
D i f f e r e n t  f a c t o r s  c o n t r i b u t e  t o  t h e  d i f f i c u l t i e s ,  i n  p a r t i c u l a r  t h e  
i ncompatibf 1  i ty between t h e  i n t e g r a t e d  env i  ronmental system i n  which man 
l i v e s ,  and t h e  f r a c t i o n a l i z e d  a d m i n i s t r a t i v e  system by which t h a t  system i s  
be ing  managed. The communication problems due t o  percep t iona l  d i  f f e rences  
between the  d i f f e r e n t  p ro fess iona l  groups i nvol ved add t o  t he  dec is ion-  
making d i f f i c u l t i e s .  As po in ted  o u t  by Pro fessor  J i m  Dooge, famous 
hydro1 og i s t ,  i t  should be recognized t h a t  dec is ions  are gene ra l l y  based n o t  
on f a c t s  b u t  on percep t ions  o f  f ac t s .  
O v e r r i  d i  na c r i t e r i a  f o r  w ise water - re1 a ted  dec is ions  
What should  a  p o l i c y  l ook  l i k e  t h a t  pays adequate a t t e n t i o n  t o  wa te r  
comp lex i t y ,  anci w a t e r ' s  r o l e  i n  genera t ing  h i ghe r -o rde r  e f f e c t s  o f  
p e r t u r b a t i o n s  and d is tu rbances  o f  t h e  n a t u r a l  landscape? As seen from a  
wa te r  perspec t i ve ,  t h e  p o l i c y  has e v i d e n t l y  t o  a1 low a  ba lanc ing  o f  water -  
r e l a t e d  dependencies and wa te r - r e l a ted  t h rea t s l impac t s .  
As a l ready  i n d i c a t e d ,  l a n d  uses may be bo th  wa te r  depending (wa te r  supply,  
wa te r - r e l a ted  l a n d  use a t t r i b u t e s )  and water impac t ing  ( p o l  l u t i n g  
a c t i v i t i e s ,  su rp l us  f e r t i l  i z e r s ,  impact on wa te r  y i  e l  d  and seasonal i ty due 
t o  i n t e r v e n t i o n s  w i t h  t h e  shor t11  ong branch p a r t i  t i o n i  ng). A1 so water  use 
may be bo th  wa te r  depending and wa te r  impact ing.  By such dependencies and 
impact ings d i f f e r e n t  l a n d  uses may d i s t u r b  each o ther .  So w i l l  d i f f e r e n t  
wa te r  uses. For  s i m i l a r  reasons l a n d  uses may i n t e r v e n e  w i t h  wa te r  uses. 
A use fu l  pe r cep t i on  i n  t h e  p r e p a r a t i o n  f o r  s o c i e t a l  dec is ions  i s  t o  take  an 
i n t e g r a t e d  pe rspec t i ve  by se ing  man as a  f a c t o r  i n  t he  hydro logy o f  t h e  
1  andscape ( F i g u r e  12) .  Water management and p r o t e c t i o n  woul d  then  mean t h a t  
dec i s i ons  have t o  balance de~endenc ies  a s a i n s t  t h r e a t s  i n  t he  l a n d s c a ~ e  
con tex t .  
Un fo r t una te l y ,  numerous b a r r i e r s  w i l l  t end  t o  comp l i ca te  such dec is ions  
We have a1 ready been r e f e r r i n g  bo th  t o  t he  prob lem o f  d i f f u s e  and unprec ise 
c o n c e ~ t s ,  such as "env i ronmenta l  i m ~ a c t " ,  and t o  t h e  i n c o n s i s t e n c . ~  i n  water  
pe rcep t i ons  o f  d i f f e r e n t  groups o f  ac to rs .  Even among t h e  water expe r t s  
themselves, d i f f e r e n t  p ro fess i ons  may have q u i t e  d i f f e r e n t  main 
percep t ions .  Besides such communication b a r r i e r s ,  t h e r e  a re  a  m u l t i t u d e  of 
b a r r i e r s  i n  t he  form o f  i n c o n s i s t e n c i e s  i n  e x i s t i n g  l e g i s l a t i o n  
( l e g i s l a t i o n  i s  o f t e n  based on outdated pe rcep t i ons )  o r  i n  t h e  i n t r i c a c i e s  
f o l  i o w i  ng f rom the  end-use o r i en ted ,  s e c t o r i z e d  admi ns t r a t i v e  compl e x i  t., 
which i s  t y p i c a l  o f  t h e  modern soc ie t y .  These va r i ous  b a r r i e r s  were 
r e c e n t l y  addressed a t  an IHP Seminar on Water Awareness i n  S o c i e t a l  
P lann ing  and Deci  sion-Making, he1 d  i n  June 1988 a t  S k o k l o s t e r  C d s t l e  i n  
Sweden. 
Changing hydroc l imate  i n  t h e  Po r i v e r  bas in  - some conc lus ions  f rom a  
p o l i c y  workshop 
The general  r e a c t i o n s  among dec i  sion-makers t o  a  c reep ing  change i n  t h e  
hydroc l imate ,  and t h e  consequen t ia l  changes i n  wa te r - r e l a ted  phenomena were 
e x p l o i t e d  d u r i n g  one o f  t h e  sessions o f  t h e  I IASA P o l i c y  Workshop i n  Baden 
i n  June 1988 w i t h  t h e  Po r i v e r  bas in  as t h e  t e s t  case. The audience was 
asked t o  respond t o  a  sequence o f  seven consecu t i ve l y  presented scenar ios ,  
r e p r e s e n t i n g  d i f f e r e n t  moments o f  t i m e  f rom 2002 t o  2038 AD. 
The problems and responses emerging du r i ng  t h e  d iscuss ions  were t h e  
f o l  1  owing: 
. r e f o r e s t a t i o n  t o  reduce f l  oods, complemented by f i r e  c o n t r o l  
. changed a g r i c u l t u r a l  p a t t e r n  
r e c y c l i  ng i ndus t r y ,  reduced mun ic ipa l  wa te r  demands 
reduced t o u r i s t  i n d u s t r y  on t he  c o a s t  
development o f  advanced w a t e r  conse rva t i on  methods 
p o s s i b i l i t y  t o  impo r t  wa te r  or,  a1 t e r n a t i  vely,  e x p o r t  people 
. problem o f  inc reased  s to rage  capac i t y  i n  r e l a t i o n  t o  bo th  geo log i ca l  
d i f f i c u l t i e s  t o  f i n d  s i t e s  and pub1 i c  o p p o s i t i o n  
land u r o r  / 
- wate r  bats\ 
I rnpact lng L 1 
- wate r  qua l l t y  
w a t e r  
3 
'wa te r .  
/-:;o:!ba::doaw 1 
- use o f  wa te r  bodies 
----- 
w a t e r  
wa te r  uses 
F i g u r e  12. Water management ana p r o t e c t i o n  d e c i s i o n s  have t o  ba lance  
dependienc ies a g a i n s t  t h r e a t s ,  see ing  man as a  h y d r o l o g i c a l  f a c t o r  i n  the  
l a n d s c a ~ e  c o n t e x t .  
Table 5a. Water-related decisions 
I ssue  Subject  o f  
category  d e c i s i o n  
I n v o l  vement o f  wa te r  
v i s i b l e  water  wa te r  p r o j e c t s  wa te r  c y c l e  i n t e r v e n t i o n s  
(see t a b l e  S b l  
wate r  = wa te r -ae~ena i  ng 
h idaen  f a c t o r  l ana  use 
water - impact i  ng 
l ana  use 
. water  supply depenaence 
. access t o  water  f r o n t s  
. access t o  waste-water 
d i sposa l  
. w a t e r - r e l a t e a  a t t r i b u t e s  
(ex. s o i l  wetness. water 
1  aggi ng 
. w a t e r - r e l a t e d  hazards 
. wate r - cyc le  i n t e r v e n t i o n s  
(ex. f loaas.  e r o s i o n )  
( s e  t a b l e  5b)  
Table 5b. Decis ions r e l a t e a  t o  water-cycle i n t e r v e n t i o n s  
Type c i  i n t e r v e n t i o n  ~i r e c t  i na i  r e c t  
- water w i n s  - l ana  p r e p a r a t i o n  
- ; ipes - u r o a n i z a t i o n  
water  f l ows  - canals  - d y r i c .  m n a g e m n r  
dna patnways - inausts .  water  supply - f o r e s r  l~ranayenlenr 
- nyaropower - mining 
- 3gr i c .  dra inage 
- r e s e r v o i r s  
water  qua1 i t y  
- waste wa te r  O u t l e t  - dgr i c .  chen l cd l s  
- ary  waste aepos i t  
- waste water  t reatm.  - ind. waste 
- i n a u s t r i  a1 waste - mine t a i l i n g s  
water  
The general  f e e l i n g  was t h a t  t he  measures most l i k e l y  t o  be implemented as 
t ime  proceeds were p o l l u t i o n  abatement, wa te r  demand c o n t r o l ,  f o r e s t  
management, and t h e  es tab l i shment  o f  a  r i v e r  bas in  a u t h o r i t y .  The l a t t e r  
was cons idered impo r tan t  t o  avo id  c o n f l i c t s  between a u t h o r i t i e s  i n  charge 
o f  d i f f e r e n t  aspects o f  wa te r  resources. Water p r i c e s  m igh t  be 
s i g n i f i c a n t l y  increased and good qua1 i ty wate r  become a  manufactured 
good. 
It was a l s o  concluded t h a t  ca tas t r oph ies  would probably  be " h e l p f u l "  i n  
changing a t t i t u d e s  and maki ng complete po l  i c y  changes poss ib le .  Such events 
may a l s o  be a c t i v e  i n  t r i g g e r i n g  new developments, f o r  example a  
r e s t r u c t u r i n g  o f  a g r i c u l t u r e  a f t e r  a  number o f  consecu t i ve  drought  years .  
Problems would however emerge due t o  c o n d i t i o n s  o f  l and  ownership. One 
migh t  a l s o  meet s t r o n g  p u b l i c  d isapprova l  by be ing  f o r c e d  t o  go a g a i n s t  t h e  pres 
e n t l y  favoured i d e a  o f  s e l f - r e l i a n t  communities. 
The i t i n e r a r y  o f  extreme events would probably  be c r u c i a l  f o r  t h e  s o l u t i o n s  
t o  be chosen. The use fu l ness  and r o l e  o f  technology i n  meeting t h e  expected 
wa te r - r e l a ted  problems shou ld  n o t  be underest imated. One fundamental 
measure, once t h a t  t h e  p o s s i b i l i t y  o f  a  major  change i n  hyd roc l ima te  i s  
be ing  gene ra l l y  accepted, would be t o  eva lua te  t h e  p resen t  l a n d  and water  
p o l i c i e s  a g a i n s t  p o s s i b l e  f u t u r e s .  
CONCLUSION 
The l a n d  use chariges t o  be foreseen i n  t h e  nex t  h a l f  cen tu ry  o r  so w i l l  
have two d i f f e r e n t  o r i s i n s .  One o r i q i n  i s  t h e  ~ o t e n t i a l  chanqes i n  l and  use 
due t o  degrada t ion  o f  s o i l  f e r t i l i  t i  and wate r '  q u a l i t y ,  whic6 has a1 ready 
aone a u i t e  f a r .  and i s  r e f l e c t e d  i n  a  number o f  h icrher-order e f f e c t s  on 
f l o r a  ' ( f o r e s t  d ieback) ,  fauna ( b i r d s ,  f i s h e s ,  marine b i o t a )  and human 
heal  t n .  Whereas some o f  t h e  e f f e c t s  have a1 ready man i fes ted  themsel ves, 
o the rs  remain h idden a long  subsur face pathways o f  p o l l u t e d  The 
second o r i g i n  o f  change i s  t h e  c l i ~ n a t i c a l l y  induced changes. 
Two d i f f e r e n t  f a c t s  suggest t h a t  w a t e r - r e l a t e d  changes w i l l  i n f l u e n c e  l a n d  
use chan es. Land use i s  n o t  o n l y  wa te r  dependent - d i r e c t l y  f o r  wa te r  
-Pb supp y an i n d i r e c t l y  th rough  w a t e r - r e l a t e d  a t t r i b u t e s .  It has a1 so a  
s t r o n g  impac t ing  i n f  luence on water  i t s e l  f, both  due t o  nega t i  ve feedbacks 
f rom man ipu la t ions  h i t t i n g  t h e  wate r  p a r t i t i o n i n g ,  and f rom w a t e r - c a r r i e d  
p o l l u t a n t s  on t h e  move i n  slow-response subsur face systems. 
As a  conc lus ion,  l a n d  use and wate r  a r e  c l o s e l y  i n t e r r e l a t e d ,  and w i l l  have 
t o  be s t u d i e d  i n  a  more i n t e g r a t e d  way i n  t h e  f u t u r e .  "Development can 
h a r d l y  be sus ta ined  when t h e  n a t u r a l  resources o f  s o i l ,  wa te r  and 
vegetat ion,  t h e  bas i c  economic c a p i t a l  o f  a  coun t ry ,  a r e  deple ted"  ( R a j i v  
Gandhi). To address t h e  l a n d  use changes o f  a  reg ion,  expected t o  develop 
i n  response t o  a  c l i m a t i c  change, w i t h o u t  a l s o  assess ing t h e  r e s u l t  f rom a  
s u s t a i n a b i l  i ty pe rspec t i ve  woul d  t h e r e f o r e  be unwise. 
An open ques t i on  t o  address i s  f i n a l l y  whether t h e  t r a d i t i o n a l  " d r y "  
approach taken  t o  l a n d  use i s  r e a l  l y  e f f e c t i v e .  Even i f  t h e  invo lvement  o f  
wa te r  i n  biomass p roduc t i on  can be g r e a t l y  s i m p l i f i e d  by t h e  t r a d i t i o n a l  
f a c t o r  approach, v a l i d  under humid cond i t i ons ,  t h i s  i s  no t  necessa r i l y  t r u e  
under more marg ina l  c o n d i t i o n s ,  l i k e  those l i k e l y  t o  develop i n  Southern 
Europe under a  new, more a r i d  c l ima te .  I n  c e r t a i n  ecotone reg ions,  i t  i s  
fundamental, f o r  human 1  i f e  c o n d i t i o n s  and f o r  t h e  landscape i n  general ,  
how much o f  t h e  incorni ng p r e c i p i t a t i o n  t h a t  i s  r e a l l y  l e f t  f o r  recharge o f  
t h e  t e r r e s t r i a l  w a t e r  systems i n  a q u i f e r s  and r i v e r s ,  and how much i s  be ing  
consumed t h r o u g h  biomass p r o d u c t i o n ,  r e t u r n i n g  w a t e r  t o  t h e  atmosphere. I n  
such reg ions ,  a  formal  " c o m p e t i t i o n "  may i ndeed deve l  op between w a t e r  
consumed i n  t h e  p r o d u c t i o n  o f  food, f i b e r  and t i m b e r ,  on t h e  one hand, and 
t h e  p r o d u c t i o n  of  wa te r  a v a i l a b l e  f o r  t h e  s u p p o r t  o f '  l a n d  use and human 
s o c i e t i e s ,  on t h e  o t h e r .  
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